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Abstract 
Obesity levels are increasing worldwide, and in the United Kingdom the prevalence of overweight 
and obesity is amongst the highest in the developed world. Obesity is associated with reduced 
physical function and health-related quality of life, as well as an increased risk of co-morbidities such 
as type 2 diabetes and hypertension. As a result of high levels of morbid obesity and a failure of 
conventional methods of weight loss, more people are resorting to invasive weight loss techniques 
such as bariatric surgery. Bariatric surgery combined with lifestyle modification is currently the most 
successful weight loss intervention for the treatment of obesity and its associated co-morbidities. 
However, weight regain is becoming more apparent, generally occurring between 12 and 24 months 
after surgery. Weight regain is generally attributed to the failure of individuals to adopt or maintain 
the necessary lifestyle changes. The most common factors leading to weight regain after bariatric 
surgery are insufficient exercise and returning to pre-operative eating behaviours. Increasing physical 
activity after surgery positively affects weight loss and physical function outcomes; therefore, 
adopting an active lifestyle is fundamental. This thesis combines three research studies which 
collectively provide evidence for understanding the importance of physical activity for optimising 
physical function and facilitating the prevention of weight regain. Study one is a systematic review 
and meta-analysis which assessed pre to post-operative changes in physical activity behaviour and 
physical function outcomes among obese adults receiving bariatric surgery. This demonstrates 
improvements in objective and self-reported activity and function by 12 months. Study two is an 
analysis of body mass, co-morbidity and physical function data from pre to post-bariatric surgery. 
This retrospective UK NHS dataset analysis aimed to identify if and when weight regain occurs, the 
proportion of co-morbidity resolution, and physical function patterns in patients after bariatric surgery. 
Weight loss patterns indicate weight stability from 12 to 24 months and weight regain 24 months 
post-surgery. Study three is a randomised controlled trial, The MOTION Study, which examined the 
effect of a 12 week exercise intervention on physical function and body composition in patients 12-24 
months post-bariatric surgery. This trial also examined maintenance of effects at six months. Findings 
suggest that implementing exercise at the point of weight regain is effective, notably for improving 
physical function and body composition in this population. This thesis therefore contributes to 
advancing the understanding of the role of physical activity in enhancing long-term outcomes after 
bariatric surgery and to informing future post-operative bariatric care. 
 
Key words: Obesity, bariatric surgery, physical activity, physical function, exercise, weight loss, 
weight regain. 
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 Chapter One 
 
Introduction 
 
 
 
 
Chapter overview 
This chapter firstly introduces obesity and its prevalence. It also provides an overview of the 
universal measurement of body shape and the obesity classifications which the population is 
categorised by. Furthermore, this chapter outlines the associated obesity related co-morbidities, the 
cost of obesity on the National Health Service (NHS) and introduces weight loss methods such as 
bariatric surgery. Finally, this chapter presents the aim of the research projects that underpin this 
thesis. 
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1.1 Introduction 
According to the World Health Organisation (WHO) obesity prevalence worldwide has more than 
doubled since 1980
1
. Adult and childhood obesity incidence in the United Kingdom (UK) are among 
the highest in the developed world
2. England’s overweight and obesity prevalence accounts for 
around 62% of the adult population, of which 25% of adults are categorised as obese; this is a 10% 
increase since 1993
3, 4
. Class III obesity (body mass index [BMI] 40kg∙m2) currently affects 1.5 
million adults in England, corresponding to 3.5% of the male population and 1.5% of the female 
populations
4
.  
The current universal body mass measurement is BMI which is a simple calculation derived from a 
height and weight measurement
5
. The BMI equation is body mass in kilograms (kg) divided by 
height in metres (m) squared 
(2) 
(BMI = kg / m
2
)
5
.  
 
Table ‎1.1: The World Health Organisations (WHO) BMI classifications. 
 
 
Classification 
 
BMI (kg∙m2) 
 Principal cut-off points Additional cut-off points 
Underweight < 18.50 < 18.50 
Normal range 18.50 – 24.99 
18.50 – 22.99 
23.00 – 24.99 
Overweight ≥ 25.00 ≥ 25.00 
Pre-obese/at risk 25.00 – 29.99 
25.00 – 27.49 
27.50 – 29.99 
Obese ≥ 30.00 ≥ 30.00 
Obese class I 30.00 – 34.99 
30.00 – 32.49 
32.50 – 34.99 
Obese class II 35.00 – 39.99 
35.00 – 37.49 
37.50 – 39.99 
Obese class III ≥ 40.00 ≥ 40.00 
KEY: kg∙m2: kilogram per metre squared5. 
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Such universal measurement allows calculation of national and international prevalence rates for 
each classification listed in Table ‎1.1 and is therefore comparable between nations6. BMI 
classifications are modified for Asian populations, because in general Asians have a greater body fat 
percentage at a given BMI classification than Caucasian counterparts
7, 8
, see Table ‎1.2. 
 
Table ‎1.2: The WHO’s BMI classifications for Asian adults. 
 
Classification 
 
BMI (kg∙m2) 
 Asian population cut-off points 
Underweight < 18.50 
Normal range 18.50 – 22.99 
Overweight: ≥ 23.00 
Pre-obese/ at risk 23.00 – 24.99 
Obese class I 25.00 – 29.99 
Obese class II ≥ 30.00 
KEY: kg∙m2: kilogram per metre squared9. 
 
Rising levels of obesity and morbid obesity have contributed to higher rates of cardio-metabolic 
complications and an increase in associated diseases
10
. Obesity also negatively impacts physical 
function. Activities such as housework, walking up stairs and transitioning from sitting to standing 
are limited in obese individuals due to musculoskeletal disorders and restricted mobility
11, 12
. 
Common obesity related diseases, co-morbidities and musculoskeletal disorders include diabetes 
mellitus (T2DM), cardiovascular diseases (CVD), hypertension, dyslipidaemia, arthritis, obstructive 
sleep apnoea and non-alcoholic fatty liver disease
13, 14
. Morbid obesity also negatively affects all 
domains of health-related quality of life (HRQoL), specifically domain areas of activity/mobility, 
symptoms, personal hygiene/clothing, emotions, social interactions, sexual life and eating 
behaviour
15
.  
The Department of Health reports that the NHS spends more than £5billion on the health problems 
associated with obesity and being overweight
16. According to ‘The Action on Obesity: 
Comprehensive Care for All’ report, by the Royal College of Physicians published in January 2013, 
the current £5billion UK obesity cost is set to double by 2050 if the obesity epidemic is not 
addressed appropriately
2
. To reverse obesity and its negative associations, commercial weight loss 
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programmes are growing in popularity, although long term weight maintenance is questionable in 
such programmes
17
. More recently NHS multidisciplinary team (MDT) weight management services 
are being set up nationwide. The Royal College of Physicians highlight the importance of these 
MDT services
2
. Individuals lose on average 3% of their body mass when attending such lifestyle 
and weight management programmes. Unfortunately, for long term benefits it is suggested that more 
than 5% weight loss is necessary, and must be maintained for life
4
. This difficulty to optimise 
weight-loss through conventional methods and commercial weight-loss programmes highlights why 
there is a growing demand for more invasive weight loss techniques such as bariatric surgery 
procedures
4, 18
.  
Bariatric surgery, combined with long-term lifestyle modification, is currently the most effective 
and sustainable method of weight-loss
19
. Rates of weight loss and maintenance after surgery vary 
depending on the type of bariatric surgery performed and the lifestyle adaptations patients make and 
sustain
20, 21
. The Royal College of Physicians also recommend multidisciplinary support after 
surgery to optimise the concomitant lifestyle changes required; suggested advice includes nutritional, 
psychological, physical activity and exercise education
2
. If such advice is not available, or adhered 
to, post-operative weight regain is likely to occur
22
. Typically, post-operative weight regain becomes 
apparent between 12 and 24 months after bariatric surgery
23
. Due to the importance of dietary 
change after bariatric surgery, dietetic monitoring is the only discipline consistently offered 
nationwide for two years after surgery as part of NHS normal care. Psychology and physical activity 
support are not routinely available
24
, however, post-operative weight loss can be influenced by 
individuals physical activity levels
14
. Higher levels of physical activity have been associated with 
additional weight loss
25, 26
. A meta-analysis established that physically active patients had a greater 
mean weight loss of 3.62kg than those who are physically inactive
25
. 
In order to minimise the likelihood of weight regain post-bariatric surgery, it is important to 
optimise patients’ post-operative support. Similarly, to ensure bariatric surgery is sustainable as a 
life-long weight-loss method for morbid obesity, intervention post-surgery must be identified and 
implemented to facilitate the positive long-term outcomes associated with this invasive weight loss 
technique. 
1.2 The aims of this thesis 
The research described in this thesis aimed to increase the understanding of the role of physical 
activity in enhancing long-term outcomes of bariatric surgery. Three studies have been conducted to 
contribute to knowledge in the field. Chapter three describes a systematic review and meta-analysis 
which assessed pre to post-operative changes in physical activity behaviour and physical function 
outcomes among obese adults receiving bariatric surgery. Chapter four reports an analysis of body 
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mass, co-morbidity and physical function data from pre to post-bariatric surgery. This retrospective 
NHS dataset analysis aimed to identify if and when weight regain occurs, the proportion of co-
morbidity resolution and physical function patterns in patients after bariatric surgery. Secondary to 
this, did demographic variables affect post-operative weight loss and physical function. Chapter five 
reports a randomised controlled trial (RCT) which examined the effect of a 12 week exercise 
intervention on physical fitness and body composition in patients 12-24 months post-bariatric 
surgery. Maintenance of effects at six months was also examined. 
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 Chapter Two 
 
Literature Review 
 
 
 
 
Chapter overview 
This chapter outlines existing literature which supports the thesis research rationale. It describes the 
effectiveness of different methods of obesity management, specifically bariatric surgery and its 
procedures. Furthermore, weight loss patterns as a result of bariatric surgery are discussed, in 
particular post-operative weight regain. The chapter also outlines the importance of post-operative 
physical activity for optimising post-surgery outcomes, specifically physical function, weight loss and 
co-morbidities. This leads to discussing the current post-operative exercise interventions that exist and 
their findings. Finally, this chapter highlights the key research gaps thus identifying areas of research 
needed to strengthen the current literature. 
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2.1 Recommendations for the management of overweight and obesity 
The National Institute for Health and Care Excellence (NICE) have developed guidelines for 
managing overweight and obese adults within the NHS
27
. Due to the concerns over validity of BMI 
alone, these guidelines have incorporated both BMI and waist circumference. If co-morbidities are 
also present, individuals may have a greater risk at a lower BMI category; therefore this is also taken 
into consideration. Table ‎2.1 outlines the NHS guidelines for obese and overweight individuals. 
 
Table ‎2.1: NICE guidelines for the management of overweight and obesity. 
BMI 
classification 
Waist circumference 
 
Co-morbidities 
present Low 
(males 94cm; 
females 80cm) 
 
High 
(males 94-102cm; 
females 80-88cm) 
 
Very high 
(males ≥ 102cm; 
females ≥ 88cm) 
 
Overweight 
General advice on 
healthy weight 
and lifestyle 
Diet and physical 
activity 
Diet and physical 
activity 
Diet and physical 
activity; consider 
drugs 
Obesity I 
Diet and physical 
activity 
Diet and physical 
activity 
Diet and physical 
activity 
Diet and physical 
activity; consider 
drugs 
Obesity II 
Diet and physical 
activity; consider 
drugs 
Diet and physical 
activity; consider 
drugs 
Diet and physical 
activity; consider 
drugs 
Diet and physical 
activity; consider 
drugs; consider 
surgery 
Obesity III 
 
Diet and physical 
activity; consider 
drugs; consider 
surgery 
 
Diet and physical 
activity; consider 
drugs; consider 
surgery 
 
Diet and physical 
activity; consider 
drugs; consider 
surgery 
 
Diet and physical 
activity; consider 
drugs; consider 
surgery 
 
KEY:BMI: body mass index
27
. 
 
Typically lifestyle advice consists of advice from an individual’s general practitioner28. Weight 
management referral typically entails undergoing a multidisciplinary team (MDT) service, comprising 
of dietary advice, psychological support and physical activity advice. This is usually offered through 
specialist tier 1 and tier 2 weight management services depending on the severity of obesity
29
. A 
systematic review comparing diet and exercise vs diet alone in obese adults shows that a combination 
of both results in significant and clinically meaningful initial weight loss compared to diet alone
30
. 
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Drug therapy may be offered and involves prescribing medications such as Orlistat
31, 32
. Surgery is the 
most invasive weight loss intervention which involves reducing the size of the stomach through 
different methods
33
. 
2.2 Bariatric surgery  
Bariatric surgery, otherwise known as weight loss surgery, is defined as the ‘surgical removal of parts 
of the stomach and small intestines to induce weight loss
34
. Jejunoileal bypass was the first type of 
bariatric surgery performed in humans in the 1950s. This lead to complications such as inhibited 
absorption and digestion of important nutrients and was therefore stopped in the late 1970s
19
. Bariatric 
surgery was infrequent and focused on gastric restriction until the introduction of laparoscopic 
techniques in the 1990s
35
. This allowed surgery to be performed through a small incision, which 
decreases the risks of wound complications and pain commonly associated with earlier methods
19, 35, 36
. 
The NHS is the main public provider of this weight loss technique in England
37
. The type of bariatric 
surgery procedure performed is dependent on the bariatric surgery department’s expertise, combined 
with the surgeon and patient preference. Laparoscopic adjustable gastric banding is currently the most 
common and least invasive bariatric surgery procedure worldwide
19
. The greatest percentage of 
weight change occurs with Roux-en-Y gastric bypass surgery
23
. There are different types of bariatric 
surgery procedures and adaptations, below are the three main surgical techniques currently used 
worldwide and in the UK
4, 19, 38
. 
2.2.1 Gastric Band 
Laparoscopic adjustable gastric band is a restrictive type of bariatric surgery and a comparatively non-
invasive procedure in which a pouch is created in the upper stomach due to the application of an 
adjustable silicone band. The band causes a narrowing between the upper stomach pouch and the 
main stomach, reducing food ingestion and reducing the feeling of hunger. The band can be adjusted 
through an under skin portal by injecting and removing saline and if complications occur it is 
relatively easy to remove the band
38
. Gastric banding accounts for 17.8% of bariatric surgery 
procedures and has decreased in popularity from 42.3% in 2008
4
. The average weight loss three years 
after gastric band surgery is 15.9%
39
. Figure  2.1 shows an illustration of the stomach and gastric band 
placement. 
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2.2.2 Sleeve Gastrectomy 
Vertical sleeve gastrectomy is also a restrictive type of bariatric surgery which reduces the stomach by 
approximately 75%, which limits food intake and affects appetite
4
. The stomach is divided vertically; 
digestion and stomach function remain unaltered (Figure  2.2). This procedure cannot be reversed and 
often leads to Roux-en-Y gastric bypass or duodenal switch in severely obese patients, as a single 
stage procedure can be dangerous and technically challenging
38
. This bariatric surgery procedure 
accounts for 27.8% of procedures in the UK and has grown in use from 5.3% in 2008
4
. The average 
weight loss three years after sleeve gastrectomy has been reported as 21%
39
. 
 
 
 
Figure  2.1: An illustration of the gastric band bariatric surgery procedure. 
Reproduced with permission from Dendrite Clinical Systems and The UK National Bariatric Surgery Registry
4
 
 
Figure  2.2: An illustration of the sleeve gastrectomy bariatric surgery procedure. 
Reproduced with permission from Dendrite Clinical Systems and The UK National Bariatric Surgery Registry
4
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2.2.3 Roux-en-Y Gastric Bypass 
Roux-en-Y gastric bypass is a combined malabsorptive and restrictive procedure and accounts for 
46.6% of bariatric surgery procedures in the UK
4
. It is either an open or laparoscopic surgical 
procedure in which a small pouch of the stomach is created. This pouch remains attached to the 
oesophagus whilst being connected to a segment of the small intestine, bypassing the initial loop of 
the small intestine and the remaining stomach area
38
 (Figure  2.3).  The greatest percentage of weight 
loss occurs with Roux-en-Y gastric bypass surgery, this is on average 31.5%
23, 39
. 
 
 
 
 
2.3 The effectiveness of bariatric surgery, compared to conservative weight loss approaches 
Typical non-surgical weight loss interventions include lifestyle advice provision, weight management 
referral, anti-obesity drug therapy and bariatric surgery referral
10
. The severity of obesity dictates the 
referral pathway. Comparisons between bariatric surgery and lifestyle interventions for morbid 
obesity have been undertaken to identify the most effective method for weight loss, the improvement 
of co-morbidities and optimising long term weight maintenance
40, 41
. Approximately 97% of morbidly 
obese patients cannot achieve durable weight loss (BMI of >35kg∙m2) through conventional methods 
of diet restriction and increased physical activity alone
42-44
. A systematic review and meta-analysis 
compared RCTs of bariatric surgery to non-surgical treatments. They found surgery results in greater 
weight loss (mean difference between groups of -26kg), greater improvements in quality of life and 
showed superior remission rates in T2DM (relative risk to achieve remission was 22.1 times higher 
than the non-surgical group)
45
. Martins et al
41
 compared body mass, co-morbidities and health risk 
Figure  2.3: An illustration of the Roux-en-Y gastric bypass bariatric surgery. 
Reproduced with permission from Dendrite Clinical Systems and The UK National Bariatric Surgery Registry
4
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factors of patients awaiting bariatric surgery who were given the option to undertake alternative 
treatment or remain on the waiting list. Treatments included one of three different lifestyle 
interventions; a residential intermittent programme, a commercial weight loss camp and a hospital 
outpatient programme. Results at one year revealed that bariatric surgery induced greater weight loss 
than the three conservative treatments (40kg versus 22kg); lifestyle interventions did still however 
reduce risk factors and body mass
41
. When comparing cardiovascular risk factors in gastric bypass 
patients versus individuals undergoing an intensive lifestyle intervention, short term follow-up 
reported T2DM and cardiovascular risk factors improved in both groups. Nevertheless, outcomes 
were more effectively reduced in those who underwent surgery (glycated haemoglobin [HbA1c], 
surgery -0.4% vs lifestyle -0.1%; triglycerides, surgery -0.9 mmol/l vs lifestyle -0.4 mmol/l)
40
. 
Another intensive lifestyle intervention was reported to be less effective than Roux-en-Y gastric 
bypass surgery for improving the prevalence and severity of obstructive sleep apnoea in morbidly 
obese individuals (apnoea hypopnea index, surgery -21.6 events/h vs lifestyle -8.8 events/h)
46
. 
Research on long term weight change and obesity related disease remission after obesity interventions 
is currently limited. A study by Sjöström et al
23
 compared three different types of bariatric surgery to 
a conventionally treated control group and their weight patterns were followed post-operatively for 10 
years. They showed a mean 1.6% increase in body mass in the conventionally treated group, with the 
three surgical groups mean body mass decreased between 13.2% and 25% 10 years post-surgery.  
The literature although limited, indicates positive outcomes for both surgical and lifestyle 
interventions, however surgery induces greater weight loss and larger improvements in obesity related 
diseases and co-morbidities
40, 41, 46
. Lifestyle interventions are increasingly incorporated as an adjunct 
to bariatric surgery in the attempt to maximise long term success
20
.  
2.4 Bariatric surgery and co-morbidity resolution 
Bariatric surgery aims to improve overall health by reversing and preventing obesity related co-
morbidities as a result of weight loss
4
. A systematic review of 136 studies (22,094 patients) examined 
the impact of bariatric surgery on weight loss and four co-morbidities (T2DM, hypertension, 
hyperlipidaemia and obstructive sleep apnoea)
47
. Co-morbidity resolution or improvement occurred 
in 86% of people with T2DM, 70% of those with hyperlipidaemia, 79% of hypertensive patients, and 
eight percent of sleep apnoea sufferers, and the mean percentage excess weight loss (%EWL) was 
61%. The UK national bariatric surgery registry (NBSR) report states that 50% of males and females 
with T2DM have resolution of diabetes within one year post-surgery
4
. Similar results were observed 
for hyperlipidaemia and obstructive sleep apnoea
4
. Research reports T2DM is one of the more costly 
co-morbidities associated with obesity and the resolution of T2DM alone (assuming 40% resolution) 
has found bariatric surgery to be cost-effective
48
.  
Chapter Two: Literature Review 
 
 
12 
 
Weight regain increases the likelihood of obesity related co-morbidities returning
49
. A systematic 
review presents evidence for exercise prescription in the treatment of co-morbidities such as 
metabolic syndrome-related disorders, heart and pulmonary diseases, muscle, bone and joint diseases 
and cancer, depression and asthma
50
. A systematic review by Christensen et al
51
 reported methods of 
weight management in knee osteoarthritis; the review supports exercise prescription, reported that 
arthritic pain was positively affected by weight loss induced by diet plus the addition of exercise
52
. 
This research could also support the addition of post-bariatric surgery exercise prescription in addition 
to usual care. 
2.5 Weight-regain post-bariatric surgery 
Research demonstrates that bariatric surgery is more successful than non-surgical interventions for 
weight loss and the treatment of morbid obesity
41
. Rates of weight loss and maintenance after bariatric 
surgery vary significantly in the literature; however, post-operative weight regain is increasingly 
apparent between 12-24 months post-bariatric surgery
20
 
23, 53
. The large scale Swedish Obesity Study 
by Sjöström et al
23
 reported 10 year weight patterns for three different bariatric surgical procedures. 
Weight patterns changed at different rates dependant on the procedure undertaken, however, weight 
regain occurred at 12 to 24 months post-surgery in all surgery types (Figure ‎2.4). A 5-year prospective 
study by Magro et al
53
 indicated that about half of the 782 patients assessed regained weight within 24 
months post-operatively. Bariatric surgery is a tool that assists individuals with a new start towards a 
healthier life; surgery alone will not help weight loss and long term maintenance
54
. Weight regain is 
typically attributed to the inability to adopt or maintain the necessary changes in physical activity and 
dietary behaviour
22
. Richardson et al
54
 report that decreased exercise and returning to pre-operative 
eating habits are the most common factors of weight regain. This can lead to changes in operative 
anatomy, such as an enlargement of the gastric pouch and/or gastrojejunostomy in Roux-en-Y gastric 
bypass patients
54, 55
. This stretching of the gastric pouch is caused by overeating and can lead to 
weight regain and sometimes revisional procedures
56, 57
. 
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Figure ‎2.4: Ten year body mass changes of participants from the Swedish Obesity Study and 
participant numbers. 
Reproduced with permission from (Sjöström et al23), Copyright Massachusetts Medical Society. 
On average individuals exhibit a large amount of weight loss in the first year after surgery regardless 
of the type of procedure undertaken
23
. Research suggests undertaking post-operative maintenance 
programmes as an adjunct helps prevent weight regain and aids optimisation of long term outcomes
58
. 
A study by Zalesin et al
59
 reports that weight loss maintenance is very challenging and that 
behavioural components of dietary control, regular physical activity, and behaviour modification are 
essential. The study also concludes that multidisciplinary follow-up interventions are vital for the 
successful prevention of weight regain. Weight regain has been referred to as a warning sign and if 
caught in its early stages, is easier for a patient to get back on track
54
.  
The effectiveness of post-operative behavioural management for long term weight control was 
examined in a recent systematic review
60
. The behavioural management was delivered via lifestyle 
interventions or support groups. From 15 studies, 13 concluded that individuals who undertook post-
operative behavioural interventions had a significantly greater weight loss compared to those 
receiving usual care or no intervention
60
. The Royal College of Physicians suggest that such MDT 
approaches should include specialist consultant physicians, surgeons, dieticians, nurses, psychologists 
and psychiatrists and exercise/physical activity professionals
2
. MDT services should address areas of 
advice such as the psychological aspects of behaviour change, dietetics and physical activity. MDT 
services in the UK, if provided, predominantly adopt an educational approach
2, 22, 45
. Patients regularly 
attribute poor outcomes to non-compliance with behavioural recommendations, and the main area of 
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non-compliance is exercise
61
. This supports other literature reporting that exercise education alone is 
insufficient for weight loss
62, 63
, indicating that other methods of delivery should be explored to 
facilitate weight loss and long term weight maintenance.  
There are currently no standardised guidelines in the UK to deliver such services, only advice for 
service provision is available
2
. This shows that pre and post-operative interventions are needed to 
enable the development of standardised guidelines for all bariatric surgery services to optimise long 
term surgical outcomes, such as weight loss, physical function and co-morbidity resolution. 
2.6 Bariatric surgery combined with lifestyle intervention 
Behavioural intervention research for bariatric surgery is currently limited but is a growing area of 
interest. It is necessary to identify whether pre or post-operative behavioural interventions, or both, 
optimise long term weight loss and co-morbidity resolution. A recent systematic review and meta-
analysis of 11 studies has explored behavioural interventions for severe obesity before and/or after 
bariatric surgery
64
. The authors concluded that provision of behavioural interventions as an adjunct to 
bariatric surgery appear to improve post-operative weight loss outcomes, however, they point out that 
the results should be interpreted with caution due to the small number of trials, low methodological 
quality, and short duration of follow-ups
64
. Ogden et al
65
 evaluated the impact of pre and post-
operative psychological support. They found it had no impact on weight loss one year post-bariatric 
surgery and should be implemented at the point of weight regain. 
2.6.1 Pre-operative lifestyle interventions on bariatric surgery outcomes 
A prerequisite for consideration for bariatric surgery on the NHS in England, is that candidates must 
have fully engaged in a structured weight loss programme, but failed to maintain a clinically 
significant weight loss for the individuals needs
66
. In the United States health insurers have made it 
mandatory that all candidates undergo a medically supervised weight management programme before 
undergoing bariatric surgery
67
. Research on the success of these pre-operative weight management 
programmes is limited. 
Parikh et al
67
 conducted a pilot study to define the effect of a pre-operative medically supervised 
weight management programme to improve gastric banding outcomes. When comparing usual care to 
the intervention group no significant differences were found for weight or patient behaviour scores, 
including adherence, eating behaviour and activation. The only significant improvement as a result of 
the pre-operative medically supervised weight management programme was self-reported physical 
activity. Lier et al
68
 studied pre-operative counselling on post-operative treatment adherence in 141 
gastric bypass patients. An association was identified between weight loss and adherence to dietary 
and physical activity interventions, however, adherence varied dramatically in individuals one year 
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post-operatively. No post-operative benefit on weight loss, adherence to physical activity and dietary 
lifestyle changes occurred from pre-operative psychological counselling. 
King & Bond’s69 review examined the importance of pre and post-operative physical activity 
counselling for bariatric surgery. They concluded that fitness, weight loss and body composition were 
all associated with increasing physical activity pre to post-operatively, with higher levels of physical 
activity after surgery. It has also been reported that inactive patients with sufficient support can 
become sufficiently active, and further improve surgical outcomes. Although patients self-report an 
increase in post-operative physical activity they do not meet the recommended physical activity 
guidelines. The authors suggest that the use of physical activity counselling strategies and exercise 
testing throughout all phases of patients care. This helps to meet the recommendations of 60/90 
minutes of moderate to vigorous physical activity (MVPA) per day recommended for weight 
maintenance
69
. 
2.6.2 Post-operative lifestyle interventions on bariatric surgery outcomes 
Randomised controlled trials (RCT) have more readily explored the effect of post-operative 
intervention on bariatric surgery outcomes, yet research in this area is still limited. The main aim of 
the available research is to look at incorporating lifestyle interventions as an attempt to aid holistic 
post-operative bariatric surgery success and the majority of interventions adopt an educational 
approach 
20, 67, 68, 70, 71
.  
Nijamkin et al
71
 recruited Hispanic Americans (n = 72) after gastric bypass surgery and implemented 
a nutrition and behaviour education intervention to explore the effect on weight loss and physical 
activity one year after surgery. They found a 16% greater excess weight loss in the intervention group 
compared to usual care at 12 months, with 82% of the intervention group reporting regular physical 
activity compared to 64% of controls
71
.  
A seven year multi-intervention treatment supporting lifestyle change was introduced by Steffen et 
al
70
 with 388 patients post gastric band surgery. The intervention included dietary restriction, 
increasing physical activity, living with a band, and smoking cessation, in addition to attending 
sessions with an obesity specialist. BMI reduced by 28% at five years and remained stable with a 
mean excess weight loss of 61% at seven years. Metabolic syndrome was prevalent in 59.7% of 
patients pre-operatively compared with 13.3% at seven years, and this was completely reversed in 
those with a BMI reduction of >40%. Mortality rate as result of this MDT intervention decreased to 
18 deaths per 10,000 in the current study, although there was no control group to allow comparisons
70
.  
A study by Papalazarou et al
20
 included the use of a control group when evaluating the effect of a 
post-operative lifestyle intervention on female bariatric surgery patients. They also undertook 
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objective measures of physical activity, weight loss and dietary habits at 12, 24 and 36 months after 
vertical banded gastroplasty (where a band and staples are used to create a pouch). The intervention 
and control groups attended their dietetic appointments (normal care) with an additional 40 minute 
session at the end of these appointments for the intervention group (focusing on behaviour change 
techniques, overcoming barriers, body mass regulation through improving dietary and physical 
activity habits). The lifestyle group when compared to usual care displayed a significantly lower body 
mass at 12 (14kg), 24 (18.9kg) and 36 (18.3kg) months after surgery. Significant improvements were 
also seen for physical activity and diet.  
The first review and meta-analysis to systematically examine studies looking at behavioural lifestyle 
interventions on weight loss post-bariatric surgery was undertaken by Rudolph and Hilburt
60
 Fifteen 
studies met their inclusion criteria; out of these 15 studies 13 reported greater weight loss as a result 
of behavioural management interventions as opposed to those receiving no treatment or usual care. As 
this area of research is in its infancy, there is currently no specific structure or standardised guideline 
for behavioural programmes. The interventions in the current review differed not only in content, but 
in the delivery, with the educational sessions predominantly lead by dieticians or psychologists. As 
suggested by the author, another important factor to consider is at which point after surgery a 
behavioural intervention should be implemented, as the majority of research focuses on interventions 
directly after surgery. Follow-up contact between patient and professional post-operatively has been 
associated with increased weight loss. However, the current systematic review could not determine 
whether an increased weight loss was the result of follow-ups with a professional or due to the 
delivered intervention content. An area for future research includes focusing on individuals displaying 
either poor weight loss, or weight regain. 
More recently Coen et al
72
 conducted a RCT on 128 gastric bypass patients. Individuals were 
randomly allocated to either a semi-supervised moderate exercise protocol or a health education 
control. Both groups saw a significant reduction in body mass and fat mass (FM). Though, glucose 
effectiveness and cardiorespiratory fitness improved in the exercise group. This may therefore 
indicate that post-operative health education and exercise elicits similar improvements, with the 
exercise intervention displaying additional fitness benefits. More research is needed to determine the 
optimal and cost effective approach for long term weight management after surgery. 
Research currently shows that the combination of bariatric surgery and post-operative lifestyle 
interventions positively affects weight loss and additional outcomes. Heterogeneity between 
intervention types and methods of delivery makes it difficult to determine an optimal post-operative 
behavioural intervention. Longer term follow-ups are needed to help determine the most successful 
post-operative lifestyle interventions. Pre-operative intervention research is relatively new so it cannot 
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conclusively be stated that it is not beneficial on post-operative weight loss outcomes, although this is 
currently indicated. It would be important to develop standardised bariatric surgery intervention 
guidelines and methods of delivery, alongside the most effective time point such interventions should 
be delivered. 
2.7  Physical activity behaviour and bariatric surgery 
Bariatric surgery patients’ post-operative weight loss is associated with their physical activity levels14, 
73
. Associations have been identified between long term weight loss outcomes, high sitting time and 
MVPA in 303 patients following bariatric surgery (7±4 years)
74
. Self-reported participation in 150 
minutes per week of MVPA has been shown to produce a significantly greater weight loss six and 12 
months post gastric band surgery
75
. A large scale study by King et al
76
 showed an increase in 
objectively measured physical activity at one year post-operatively as a result of bariatric surgery 
alone, however, patients still remained insufficiently active. Furthermore, by three years MVPA was 
no different to pre-operative levels
77
.  This research indicates that regardless of the improvements 
noted at one year, physical activity and function performance after bariatric surgery is still 
significantly inferior to recommended weight-dependent activity reference values
76
. Therefore, 
exercise interventions initiated post-operatively could aid the promotion of sufficient activity levels 
further improving long term surgical body composition and functional outcomes. 
2.7.1  Physical activity and post-operative weight loss 
Three systematic reviews have been undertaken on physical activity and post-operative weight loss 
outcomes. Livitus et al
26
 reviewed 13 studies from the years 1988 to 2009 which looked at exercise 
and its effect on body mass following bariatric surgery.  Measurements of physical activity in these 
studies were predominately self-reported. Eleven of the thirteen included studies found that post-
operative exercise positively affected weight loss 12-24 months after surgery. The authors were 
unable to establish a causal effect between exercise and weight loss due to the observational nature of 
the data, so it is unclear whether increased activity results in weight loss or weight loss causes this 
increase in physical activity. Jacobi et al’s73 systematic review also examined physical activity and 
weight loss after bariatric surgery. Twenty observational studies from 1990 to 2009 met the inclusion 
criteria. Similarly to Livitus et al 
26
, they found that physical activity was related to post-operative 
weight loss, and that self-reported physical activity measures indicate increased amounts of activity 
after surgery. Egberts et al
25
 undertook the most recent systematic review titled “Does exercise 
improve weight loss after bariatric surgery?”. Seventeen short term observational studies met the 
inclusion criteria and no RCT’s of exercise interventions were found. In 15 studies the relationship 
between physical activity and weight loss was positively associated
25, 26, 73
. A limitation of all of these 
systematic reviews is the heterogeneity of physical activity measurements, the definition of exercise 
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and the absence of any exercise interventions. Nonetheless, all three reviews found a positive 
correlation between post-operative weight loss and physical activity.  
Recent studies have measured pre and post-operative daily physical activity using objective measures 
such as pedometers and accelerometers
76, 78-80
. Of these four studies, two reported pre to 6-month total 
physical activity or MVPA, and two reported pre to 12 months post-operative MVPA. Liu et al
78
 and 
Bond et al
79
 found a decrease in physical activity when objectively measuring MVPA and total 
physical activity from pre to six months post-surgery. However, King et al
77
 and Berglind et al’s80 
research revealed a mean improvement in MVPA at 12 months post-operatively. Liu et al
78
 suggests 
this reduction in physical activity could be a result of post-surgical metabolic adaptations to calorific 
restriction. A study by Josbeno et al
81
 which assessed step count before and after surgery showed an 
improvement in daily step count at six months. Unfortunately, the intensity of activity cannot be 
determined when measuring step count; patients could therefore be undertaking more light activity 
than moderate-intensity activity six months after surgery. Based on the findings from all of these 
studies with objective measurements, physical activity appears to increase by 12 months post-surgery. 
However, it is likely a shift in the intensity of physical activity undertaken occurs six months post-
operatively. Participants may, therefore undertake more light activity at earlier post-operative time 
points. Rigorous trials of exercise interventions using objective measurements are needed to increase 
the validity of current findings. Future pre and post-operative physical activity monitoring is 
necessary to confirm this relationship and to determine a universal exercise prescription (exercise 
frequency, intensity, time and type) to optimise post-operative outcomes
25, 26, 73
. 
2.7.2 Physical activity recommendations post-bariatric surgery 
Current physical activity recommendations for the general adult population are at least 150 minutes of 
moderate intensity physical activity per week
82
. For additional health benefits (for example lowering 
blood pressure, a healthier BMI/ body composition, lowering rates of T2DM and coronary heart 
disease and increasing cardiorespiratory and muscular fitness), WHO recommend that adults should 
engage in 300 minutes of moderate intensity physical activity and include muscle strengthening 
exercises using major muscle groups on two or more days a week
82
. The American College of Sports 
Medicine
83
 similarly recommend at least 60 minutes of moderate intensity exercise on five days per 
week, however, they specify this is to aid weight loss. Bond et al
79
 found that pre-operatively 10% of 
patients met the guidelines of ≥150 minutes of MVPA per week, whereas six months post-operatively 
only 5% met these guidelines. At this point, exercise guidelines for post-bariatric surgery have not 
been established and the optimal frequency, intensity time and type of exercise are unknown. Some 
studies have provided preliminary data on this subject
84, 85
. A systematic review focusing on exercise 
following bariatric surgery by Livhits et al
26
 reviewed 14 articles. The active post-operative patient 
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definition varied between studies. Although the active post-operative patient definition varied, in 
general a minimum of 30 minutes three times per week was required to be classed as an active post-
operative patient.  
Akkary et al
85
 compared the exercise habits of successful (achieved a minimum of 80% excess weight 
loss one year post-operatively) Roux-en-Y gastric bypass patients to those of BMI matched, 
physically fit controls. No significant difference was found with regards to exercise frequency; both 
groups exercised between four and seven days a week for one to two hours in duration. However, 60% 
of the control and 80% of the operative group undertook more than 30 minutes of cardiovascular 
exercise on a typical day; this was statistically significant. Significantly more of the control group 
(86%) undertook weight training routinely compared to the operative group (50%). Thirty-four 
percent of the operative group undertook recreational sport, significantly less than the control (60%). 
The operative group typically climbed more than five flights of stairs a day significantly more than 
the control group. These results suggest that one to two hours of exercise should be completed on four 
to seven days of the week post-operatively, including a minimum of 30 minutes cardiovascular 
exercise combined with an active lifestyle. 
Bond et al
86
 undertook the first prospective study to identify a positive relationship between physical 
activity change and improved bariatric surgery outcomes. Physical activity was determined using the 
international physical activity questionnaire (IPAQ). An inactive individual was defined as <200 
minutes of MVPA per week and an active individual was defined as ≥ 200 minutes of MVPA per 
week. Individuals classified as inactive pre-operatively and active one year post-operatively lost 6kg 
more than patients that remained inactive. No significant difference occurred when comparing to the 
active/ active group. Greater improvements were seen in inactive/active and active/active patients in 
HRQoL when compared to inactive/inactive patients. It is therefore proposed that the magnitude of 
change in physical activity from pre to post-surgery could be more important for increasing weight 
loss as a result of bariatric surgery. This research highlights the importance of physical activity for 
superior post-operative bariatric surgery outcomes; intervention research could aid the current 
uncertainty and help the development of physical activity guidelines. 
2.7.3 Physical activity intervention research 
Two trials reporting physical activity levels following post-operative exercise training are available
84, 
87
. Shah et al
84
 carried out the first RCT of a 12 week partially-supervised high-volume exercise 
programme involving 33 patients at least three months after surgery to aid in the prevention of weight 
regain. The exercise group were advised to expend ≥2000kcal/week in moderate intensity aerobic 
exercise (starting at 500kcal and increasing in 500kcal increments weekly), exercising a minimum of 
five days per week. During the last four weeks of the intervention 50% of the subjects were 
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undertaking ≥2000kcal/week of moderate intensity aerobic exercise and >80% were expending at 
least 1500kcal/week. The 7-day physical activity recall showed a significant improvement in the 
exercise group’s time spent undertaking moderate intensity physical activity at six and twelve months, 
with no change in the control group. Step count also increased in the exercise group from ~4,500 steps 
to just under 10,000 steps/day, suggesting that the additional exercise did not negatively affect daily 
physical activity. Weight loss was similar between groups, however, the control group reported a 1.7 
fold greater reduction in energy intake compared to the exercise group (593 kcal/day versus 358 
kcal/day). Physical fitness expressed as VO2 max relative to body mass also significantly improved in 
the exercise group. It is interesting to note that for some patients it took longer than 12 weeks to 
progress to the required level, and a high proportion discontinued the study (n = 9), indicating the 
challenging nature of the level of exercise for this population, even though individuals with a BMI 
≥40kg∙m2 were excluded. Nonetheless, this study demonstrates that a high-volume moderate intensity 
exercise programme is achievable, and can lead to sustained improvements in moderate-intensity 
physical activity and daily step count. More research is required, to see if this type of exercise aids 
long term weight loss outcomes. 
Zagarins et al
87
 enrolled 46 patients on to a 12 week post-surgical exercise programme (two hour 
group session per week), and found the average frequency and duration of at home exercise increased 
from three 37.4 minute sessions to four 50.8 minute sessions weekly, there was no control group. The 
exercise intensity of group sessions increased from 3.5 METs (moderate walking) at baseline to 6.3 
METs (very brisk walk or slow jog) by 12 weeks. The authors concluded that post-surgical exercise 
programmes are effective for improving exercise behaviours. 
Although research is limited on physical activity levels as a result of post-operative exercise 
interventions, these studies indicate that an exercise intervention initiated post-operatively improves 
physical activity levels and physical fitness, and might facilitate improvement of long term body 
composition outcomes. In addition to physical activity increases, positive changes in physical function 
outcomes have also been reported following post-operative exercise interventions
72, 84, 87-92
.  
2.8 Physical function and bariatric surgery 
As well as physical activity behaviour, functional performance as a result of weight loss initiated 
through bariatric surgery is an important outcome
93
. Improvements in physical function as a result of 
bariatric surgery help enhance individuals ability to perform activities of daily living (e.g. walking, 
stair climbing, getting in and out of a chair) which ultimately improves quality of life
94
. The UK 
NBSR report states that prior to surgery 70% of adults report poor functional status (stair climbing), 
one year after surgery this value decreased to less than 30%
4
. Several studies have assessed changes in 
self-reported functional status pre to post-surgery by using the physical function component from the 
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SF-36 questionnaire which measures domains of health-related quality of life. This research 
predominantly shows that patients report a significant improvement in physical function within six 
months and continue to report improvements one year post-surgery
95-99
. More recently research has 
incorporated objective measurement of physical function before and after bariatric surgery
100-103
. 
Walking performance is the most readily assessed measure of physical function, predominantly 
measured by treadmill tests and the six minute walk test (6MWT), all showing an improvement in 
function 
81, 101, 102, 104-115
. Furthermore, absolute muscle strength has been shown to decrease with 
extreme weight loss induced by bariatric surgery, however, relative muscle strength improved from 
pre to post-surgery
102, 105, 116, 117
. It is apparent that physical function improves pre to post-bariatric 
surgery, although it is unclear if this is a direct consequence of weight loss or if physical activity is an 
essential contributor. Future research is recommended to help identify this relationship to aid in the 
development of post-bariatric surgery activity guidelines. 
2.8.1 Observational physical function research 
A large scale observational study by Wasmund et al
106
 (n=153) supports the notion that physical 
function improves as a result of bariatric surgery. The authors investigated treadmill walking using a 
modified Bruce protocol before and two years after Roux-en-Y gastric bypass surgery. They reported 
patients walking duration; pre-operatively a mean duration of 917 seconds was reported with a mean 
improvement of 445 seconds reaching a faster speed and steeper incline two years after surgery.  
Steele et al
94
 undertook the first narrative review looking at the effect of bariatric surgery (any type) 
on physical functioning; 15 studies were identified. Nine observational studies reported established 
functional outcome measurements such as 6MWT, sit-to-stand (STS) test, timed up-and-go (TUG) 
test, with maximal and submaximal exercise testing reported in six studies. The authors concluded 
that physical functioning improves as a result of bariatric surgery. However, it is suggested that this 
may not be a result of absolute improvements in cardiorespiratory or muscle function; improvements 
could be attributed to improved efficiency in performing activities. Steele et al
94
 therefore recommend 
future post-surgical intervention research focusing on physical function as such interventions are 
likely to be beneficial and should be introduced into routine care
94
. The authors also suggest 
distinguishing the relationship between weight loss and physical function. 
A longitudinal study by Wilms et al
93
 assessed changes in exercise performance and pulmonary 
function before and at least one year after surgery. Patients showed an improved anaerobic tolerance 
and performance capacity after weight loss; although this remained significantly lower than published 
weight-dependent reference values. Exercise intervention research would help distinguish the 
importance of physical activity levels after surgery to optimise physical function outcomes compared 
to reference values and positively contribute to HRQoL. 
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2.8.2 Physical function intervention research 
Although few clinical trials exist, there are encouraging findings with respect to the benefits of post-
surgical exercise on physical function
72, 87-92
. The time point at which to introduce an exercise 
programme is important to consider, for example, it is not clear whether it is more effective to initiate 
an exercise programme straight after, or several months after surgery
84, 89, 91
.  
Results of three RCTs indicate that an additional aerobic exercise programme after gastric banding 
surgery led to superior improvements in functional capacity over surgery alone, as assessed by the 
6MWT
89, 91, 92
. Stegen et al
89
 undertook a pilot study (n = 15) investigating the effect of a 12 week 
combined aerobic and resistance training programme in the first four months after gastric bypass 
surgery. The surgery group and combined surgery and exercise group had a range of measurements 
taken pre-operatively and repeated four months post-operatively. Both groups saw a similar decrease 
in total body mass, BMI, waist circumference, FM and fat free mass (FFM). Dynamic muscle strength 
increased in the training group and decreased in the untrained group, whilst static muscle strength 
decreased in both groups. Tests of physical function including the STS test and 6MWT distance 
improved significantly four months post-surgery in the exercise group alone. The authors therefore 
concluded that an exercise training programme undertaken in the first four months post-operatively is 
beneficial for improving physical function (muscle strength and functional capacity) in gastric bypass 
patients. 
A similar randomised trial by Castello et al
91
 initiated a 12 week aerobic exercise programme one 
month after gastric band surgery and compared it to routine care (control) four months post-surgery; 
the sample included 21 female patients. Interestingly, a significant improvement in the 6MWT 
distance also occurred in the exercise group alone, concurring with Stegen et al’s89 findings. There 
were also significant increases in all heart rate variability indexes and a decrease in diastolic blood 
pressure. Five of the six body circumferences were significantly lower in the training group at the four 
month assessment than the control. Body composition (e.g. total weight, FM, FFM and skin folds) 
improved significantly in both groups, however no inter-group differences were found.  The authors 
therefore concluded that aerobic training for 12 weeks improved functional capacity in obese females 
four months after gastric bypass surgery. These studies outline the importance of exercise training 
post-bariatric surgery to optimise pre to post-operative physical activity, physical function and body 
composition. 
Exercise interventions have also been initiated post-operatively with baseline data being collected 
upon commencing the exercise intervention. Although it is not stated, it can be assumed that 
Huck et al
88
 recruited individuals for a resistance training study in the early post-operative stages as 
they were still attending follow-ups. This non-randomised study investigated the effects of resistance 
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training on fitness and functional strength after bariatric surgery. A significant improvement and inter-
group difference was reported for flexibility, the STS test and functional strength when compared to 
non-exercising controls
88
. Body composition significantly improved with no differences occurring 
between the training and control groups. Another intervention investigated six months of semi 
supervised exercise versus health education on individuals one to three months after gastric bypass 
surgery
72
. Although the main focus was insulin sensitivity, body composition and VO2 peak were also 
assessed. The authors found that body composition improved significantly within groups only and 
VO2 peak was significantly higher in the exercise group showing increased cardiorespiratory fitness. 
Both studies again highlight greater improvements in patients undertaking supervised or semi-
supervised exercise post-bariatric surgery compared to usual care. 
The most recent post-operative exercise intervention has focused on a non-randomised intensive 
programme of road running for a 10 patient cohort one to three years post gastric bypass surgery
90
. 
The study’s aim was to investigate a 10 month personalised training programme of three one hour 
sessions per week for possible benefits on weight loss maintenance, physical health and psychological 
health. Comparisons between the running group (n=7) and the self-selected control group (individuals 
who could not ‘logistically’ take part in the road running, n=10) revealed significant between group 
differences in BMI, waist circumference, fat percentage, VO2 max and oxygen volume uptake versus 
work rate slope. By initiating a road running intervention between one and three years post gastric 
bypass surgery, greater improvements were shown in body composition and cardiopulmonary 
function than their matched controls. It must be noted that the inclusion criteria was restricted to 
individuals <50 years, <35 BMI, deemed ‘fit for running’ and who displayed a good level of 
compliance and motivation; therefore may not be representative of a large proportion of the bariatric 
population. However, this preliminary research highlights the need for physical activity interventions 
at the point of weight plateau/regain to combat the concern associated with the long term effectiveness 
of bariatric surgery outcomes. 
All of the exercise intervention studies display positive physical function outcomes regardless of the 
time point at which they were initiated. Body composition improvements between groups only 
occurred in the study initiated between one and three years after the surgical procedure
90
. This could 
be due to the type and length of this exercise intervention; it could also be because weight loss 
initiated by the surgical procedure has slowed or stopped by 12 to 24 months
23
. It is therefore still 
unclear when such exercise training should be initiated and what type of exercise (e.g. aerobic, 
resistance or combined aerobic and resistance) training should be undertaken, and if this varies 
depending on the type of bariatric surgery. Further research is needed to ascertain this. It can be 
suggested that structured and supervised exercise should be included as part of usual care, although 
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further RCTs are needed for the development of specific physical activity guidelines for patients 
following bariatric surgery. 
2.9 Key research gaps 
It is apparent from the bariatric surgery literature that research on the relationships between physical 
activity, physical function and weight outcomes after bariatric surgery is in its infancy. More exercise 
interventions are needed at various stages pre and post-operatively to determine what is ideal for long 
term success. Post-bariatric surgery exercise guidelines need to be developed to prevent the growing 
occurrence of weight regain. The causal relationship as to whether increased activity results in weight 
loss or weight loss causes this increase in physical activity also needs to be established. Finally, it is 
necessary to distinguish whether weight loss initiated through surgery improves physical function, or 
is physical activity is an essential contributor. The current PhD research studies have been developed 
to strengthen the current literature and add additional information to ensure optimal long term 
outcomes.
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      Chapter Three 
 
Changes in physical activity behaviour and physical function after 
bariatric surgery: a systematic review and meta-analysis 
 
Chapter overview 
This chapter reports a systematic review and meta-analysis of pre to post-operative changes in 
physical activity and physical function outcomes among obese adults undergoing bariatric surgery. 
The review reports 50 studies assessing changes in physical activity behaviour or physical function, at 
short (3-6 months) and longer-term (12 months) time points after bariatric surgery. Given the growing 
recognition of the important physical activity after bariatric surgery, this review makes a timely and 
original contribution to the literature. This is the first review to assess physical activity alongside 
physical function also employing a systematic approach with quantitative synthesis, to examine 
objective and self-reported measures. It is therefore able to provide a comprehensive and up-to-date 
review of the physical activity evidence for this population. This chapter concludes by recommending 
the need for large RCTs to fully understand the effects of physical activity on post-surgical outcomes.  
Key findings 
 Objective and self-reported physical activity improves by 12 months after bariatric surgery. 
 Walking, musculoskeletal and self-reported physical function all improved by 12 months.  
 No relationship was identified between changes in weight and physical function.  
 Objectively measured MVPA decreases and step count increases at 3-6 months, indicating a 
shift towards a greater amount of lower intensity physical activity within the first six months 
after surgery.  
 
Publications 
The research described in this chapter is currently in press for the journal Obesity Reviews (2015). 
The research described in this chapter was also presented at the International Society of Behavioral 
Nutrition and Physical Activity 13
th
 annual meeting (ISBNPA, San Diego, USA, 2014). 
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3.1 Introduction 
Bariatric surgery is an effective weight-loss intervention for morbidly obese patients, and also a 
successful treatment for co-morbidities such as T2DM
14
. A higher level of physical activity after 
surgery has been associated with additional weight loss 
25, 26, 73
. There is currently limited information 
on patterns of physical activity in bariatric surgery patients. One review suggested that physical 
activity tended to increase after surgery, although considerable variation in results was observed 
73
. 
This was partly attributed to the heterogeneity in measurement tools across the studies included, most 
of which relied on self-reported methods for assessing physical activity. It is notable that more recent 
studies
76, 77, 89
 have included objective methods which may provide more accurate estimates of 
changes in physical activity.  
In addition to weight loss, several studies have reported positive changes in physical function 
outcomes after surgery, such as cardiovascular endurance and muscular fitness
68, 76, 115-117
. 
These functional abilities are important for enabling individuals to carry out activities of daily living 
such as housework, childcare, lifting and carrying heavy objects, walking up hills or stairs. A recent 
narrative review suggested that physical function improves after bariatric surgery
94
, but it remains 
unclear whether the improvements are a direct consequence of weight loss, or whether physical 
activity leads to superior outcomes, over and above the weight loss associated with surgery.  
Given the rapidly-growing literature in physical activity for bariatric surgery patients, a 
comprehensive and up-to-date review of the evidence is due. This review, therefore, aims to assess 
pre to post-operative changes in physical activity behaviour and physical function outcomes among 
obese adults receiving bariatric surgery.  
3.2 Methods 
3.2.1 Eligibility criteria 
Studies were included if they involved at least 10 adults (aged ≥18 years) undergoing weight-loss 
surgery, reported prospective assessments of physical activity or physical function pre-surgery and at 
three or more months post-surgery. Published and unpublished studies were eligible, and no language 
restrictions were imposed. Physical activity measures included self-reported and objective methods 
(e.g. accelerometer, pedometer). Measures of physical function included tests of cardiovascular 
endurance (e.g. treadmill/cycle ergometer stress tests, timed walking tests), musculoskeletal fitness 
(e.g. timed up-and go, 1-rep repetition maximum tests) and self-report (e.g. physical functioning scale 
of the Short-Form Health Survey; SF-36). Studies were excluded if they only reported measurements 
at one time point (i.e. only pre-surgery or only post-surgery), or only assessed anthropometric 
outcomes, gait biomechanics, cardiac or respiratory muscle function. 
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3.2.2 Search methods 
The search strategy was developed for Medline with advice from an information specialist. The 
following electronic databases were searched from their respective inceptions: MEDLINE, 
SPORTDiscus, Cinahl, EMBASE, Cochrane Library, SCIRUS and OpenGrey (an unpublished 
literature source included to reduce publication bias
118
). Search terms included MeSH headings and 
key words based on bariatric surgery (e.g. bariatric surgery, gastric bypass, gastric band), physical 
activity/ physical function (e.g. exercise, physical activity, physical fitness, muscle strength) and were 
modified for each individual database. In addition to searching databases, the reference lists of all 
included papers and relevant review articles were scanned for further eligible studies
119
. The citation 
tracking service within Web of Science was also used for all papers meeting the review criteria in 
order to identify papers published subsequently that may be eligible for inclusion. Finally, five experts 
in the field of exercise and obesity were contacted to ask for any further published or unpublished 
studies. The experts selected were those authors whom had more than two studies that met the 
systematic review inclusion criteria. Studies were included up until July 2015. 
3.2.3 Study selection 
The titles and abstracts of all items identified through the electronic searches were screened for 
potential eligibility by the primary reviewer and a random 25% of items were screened independently 
by a second reviewer to check for consistency. A kappa score of 0.93 was achieved. Full versions 
were read by two reviewers (100% by the primary reviewer and 50% each by two further reviewers) 
who independently applied the selection criteria and recorded the decisions on a standardised form. 
The three reviewers met to discuss any disagreements to reach a consensus. 
3.2.4 Data extraction 
A data extraction form was developed and piloted. Details on study design, participants, outcome 
measures, and results were recorded. The primary researcher reviewed and extracted 100% of the data 
and two reviewers independently reviewed and extracted 50% each. Any disagreements regarding 
data extraction were discussed until consensus reached. In eight cases study authors were contacted in 
an attempt to obtain any missing information. 
3.2.5 Data analysis 
All included studies were summarised descriptively in tables. Meta-analyses were conducted using 
Review Manager version 5.3 for Windows, for outcomes where mean and standard deviation data 
were available, or could be obtained, from at least four studies. Post-surgery assessments mostly 
aligned with one of two time points: 3-6 months, and 12 months. In most studies, an increase in the 
outcome measure indicated an improvement. However, for outcomes where a reduction indicated an 
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improvement (e.g. walking speed), data were transposed for meta-analysis so that there was 
consistency in the direction of results.  Standard error if reported was converted to standard deviation 
for meta-analysis purposes. 
To allow for the use of different measures across studies for some outcomes, pre-post changes were 
calculated as a standardised mean difference (SMD) using Hedges’ (adjusted) g, which includes a 
correction for sample size bias. Studies were combined using a random-effects model. Random-
effects was used due to between study variation, and it is more conservative and allows for 
heterogeneity; this therefore minimises the likelihood of drawing the wrong conclusion. Statistical 
heterogeneity was assessed by the I
2
 test
120
. 
3.3 Results 
3.3.1 Study characteristics 
After removing duplicates, 990 articles had been identified by the search; 50 studies met the inclusion 
criteria for the review and 26 papers reported data to be included in the meta-analysis (Figure  3.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 3.1: The systematic review search process. 
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The majority of studies were performed in the United States
76-79, 81, 86, 98, 99, 103, 104, 106, 108-110, 121-126
, with 
five conducted in the Netherlands
127-131
 and four in Brazil
102, 107, 114, 115
.  The types of bariatric surgery 
received by participants varied between studies, but the two main surgery types were Roux-en-Y 
gastric bypass (29 studies)
78, 80, 81, 86, 95, 96, 98, 99, 101-109, 114, 115, 121-125, 128, 132-135
 and gastric band (8 
studies)
111, 112, 127, 129-131, 136, 137
. Fourteen studies reported a physical activity outcome
23, 77-80, 121, 122, 125, 
129-131, 133, 135, 138
, 30 reported a physical function outcome
93, 95-99, 102-104, 106-117, 123, 124, 126-128, 132, 134, 136, 
139
and six reported both physical function and physical activity data
76, 81, 86, 101, 105, 137
. Included studies 
are described in Table  3.1 (physical activity outcomes) and Table ‎3.2 (physical function outcomes). 
3.3.2 Physical activity outcomes 
Seventeen studies employed self-reported measures of physical activity, with seven reporting 
increased activity at 3-6 months and 11 at 12 months (Table  3.1). All but one study122 reported 
improvements in activity 12 months post-surgery. Two studies reported leisure time physical activity 
at both time points. Sjöström et al 
23
 reported from a study of 1845 participants that the proportion of 
individuals classified as active increased by 37.3% at 3-6 months, which was maintained at 12 months. 
Vatier et al 
133
 reported an improvement in leisure time physical activity of 10 minutes per week at 3-
6 months, and a further improvement of eight minutes per week at 12 months. Seven studies used 
objective measures of physical activity (five used accelerometers and two used pedometers). Step 
count data indicated an average increase of between 1225-2749 daily steps
76, 81, 137
, but accelerometer 
results suggested little change at either 3-6 months or 12 months
77-80
. 
3.3.3 Physical function outcomes 
All studies assessing cardiovascular endurance outcomes reported improvements post-surgery 
(Table ‎3.2) These included 20 tests of walking performance (treadmill exercise test, fastest possible 
walking speed, walking speed, walking minutes per week, 6MWT, 4-metre walk time, walking energy 
expenditure)
81, 86, 97, 101-115, 126, 128
and two of cycle ergometer endurance
93, 139
. 
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Table  3.1: Characteristics of all included studies with a pre and post-operative measures of physical activity. 
Author, 
publication date 
(Reference) 
Sample 
size 
analysed 
Drop 
out 
BMI 
Surgery 
type 
Measure of physical 
activity 
Measurement 
units 
Physical activity 
level pre-surgery 
Physical 
activity level 3-
6 month post-
surgery 
Physical activity 
level 12 month 
post-surgery 
Improved outcome 
when compared to 
baseline 
Self-Reported Physical Activity 
 
        
Boan et al., 2004121 40 
Not 
stated 
52.9 RYGB 
Baseline questionnaire of 
activity 
Kcal/week 239.8 ±  266.0 1230.3 ± 1092.0 N/A Yes (990.5 Kcal/week) 
Bond et al., 200886 119 94 49.9 RYGB 
International PA 
questionnaire – short form 
min/week 170.2 ± 325.2 N/A 385.9 ± 458 Yes (215.7 min/week) 
Bond et al., 201079 20 6 50.1 
RYGB, 
GB 
Paffenbarger  PA 
questionnaire 
min/week 44.6 ± 80.8 212.3 ± 212.4 N/A Yes (167.7 min/week) 
Carrasco et al., 
2007135 
31 7 44 RYGB Leisure time PA questionnaire min/week 600 ± 878.4 1410 ± 1374 N/A Yes (810 min/week) 
Colles et al., 2008137 129 44 44.3 GB Baecke PA questionnaire Baecke total score 6.3 ± 1.2 N/A 7.3 ± 1.3 Yes (1.0 total score) 
Das et al., 2003122 30 6 50.1 RYGB 
Minnesota leisure time PA 
questionnaire 
min/week 2205 ± 1540 N/A 1869 ± 91.7 No (336 min/week) 
Josbeno et al., 201081 18 2 46.9 RYGB 7 day PA recall min/week 191.1 ± 228.2 231.7 ± 239.0 N/A Yes (40.6 min/week) 
King et al., 201276 276 145 47 All 
7 day PA diary (≥150 
min/week) 
Number of people 82 ± 29.7 N/A 127 ± 46 Yes (45 people) 
Lyytinen et al., 
2013101 
16 2 45.1 RYGB Leisure time PA scale 
Point scale 
(1[low]-3 [high]) 
1.8 ± 0.7 2.0 ± 0.6 N/A Yes (0.2 point scale) 
Mathus-Vliegen et 
al., 2007130 
44 6 50.7 GB PA duration per week 
Point scale 
(1[low]-5 [high] 
min categories) 
2.2 ± 1.0 N/A 2.8± 1.0 Yes (0.6 point scale) 
Mathus-Vliegen et 
al., 2004129 
49 1 50.0 GB PA scale Score Point scale 5.5 ± 1.4 N/A 7.2 ± 2.3 Yes (1.7 point scale) 
Rosenberger et al., 
2010125 
131 
Not 
stated 
51.8 RYGB 
Proportion of people reporting 
no PA 
% 37.4 N/A 7.6 Yes (29.8%) 
Ruiz-Tovar et al., 
2013138 
50 
Not 
stated 
50.4 SG Modifiable PA questionnaire 
% of sample 
(sedentary, 
moderate & active) 
45 (90%) sedentary; 
4 (8%) moderate; 
1 (2%) active 
N/A 
20 (40%) sedentary; 
25 (50%) moderate; 
5 (10%) active 
Yes ( 42% moderately 
active, 8% active) 
Sjöström et al., 
200423 
1845 210 41.9 
GB, 
RYGB, 
VBG 
Proportion active during 
leisure time 
% 54.7 (95% CI) 92.0 (95% CI) 92.0 (95% CI) 
Yes (37.3%); 
Yes (37.3%) 
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Author, 
publication date 
(Reference) 
Sample 
size 
analysed 
Drop 
out 
BMI 
Surgery 
type 
Measure of physical 
activity 
Measurement 
units 
Physical activity 
level pre-surgery 
Physical 
activity level 3-
6 month post-
surgery 
Physical activity 
level 12 month 
post-surgery 
Improved outcome 
when compared to 
baseline 
Vatier et al., 2012133 86 
Not 
stated 
48.1 RYGB Leisure time PA questionnaire min/week 80.0 ± 80.0 90.0 ± 80.0 108.0 ± 84.0 
Yes (10 ); 
Yes (18 min/week) 
Wouters et al., 
2010131 
42 59 47.0 GB Baecke PA questionnaire Sport index score 2.0 ± 0.6 N/A 2.5 ± 0.7 
Yes (0.5 sport index 
score) 
Wiklund et al., 
2014105 
29 10 42.0 RYGB 
International PA 
questionnaire – short form 
MET min/week 1231 ± 2001 N/A 2428 ± 2979 
Yes (1197  MET 
min/week) 
Objective Physical Activity      
Berglind et al., 
201480 
56 
Not 
stated 
39.1 RYGB Accelerometer MVPA min/day 30.9 ± 17.7 N/A 32.1 ± 24.0 Yes (1.2 min/day) 
Bond et al., 201079 20 6 50.1 
RYGB, 
GB 
Accelerometer MVPA min/week 41.3 ± 109.3 39.8 ± 71.3 N/A No (1.5 min/week) 
Colles et al., 2008137 129 44 44.3 GB Pedometer steps/day 6061.0 ± 2740.0 N/A 8716.0 ± 5348.0 Yes (2655 steps/day) 
Josbeno et al., 201081 11 2 46.9 RYGB Pedometer steps/day 4621.0 ± 3701.2 7370.0 ± 4240.0 N/A Yes (2749 steps/day) 
King et al., 201276 310 145 47.0 All StepWatch 3 steps/day 7563 (median) N/A 8788 (median) Yes (1225 steps/day) 
King et al., 201577 473 218 45.4 All StepWatch 3 MVPA min/week 
77.3 (median) 
(70.9-84.2) 
N/A 
106.0 (median) 
(97.8-116.4) 
Yes (28.7 min/week) 
Liu et al., 201278 18 
Not 
stated 
44.6 RYGB Accelerometer All PA hours/day 11.1 ± 4.2 10.6 ± 2.5 N/A No (0.5 hours/day) 
KEY: RYGB: Roux-en Y gastric bypass; GB: gastric banding; VBG: vertical banded gastrectomy; PA: physical activity; min: minutes; Kcal: kilocalories; N/A - not applicable; CI: confidence interval. 
Table 3.1: continued 
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Table ‎3.2: Characteristics of all included studies with a pre and post-operative measure of physical function. 
Author, 
publication date 
(Reference) 
Sample 
size 
analysed 
Drop out BMI 
Surgery 
type 
Measure of 
physical function 
Measurement 
units 
Physical 
function level 
Pre-surgery 
Physical function 
level 3-6 month 
post-surgery 
Physical function 
level 12 months 
post-surgery 
Improved outcome 
when compared to 
baseline 
Self-Reported Physical Function 
Bond et al., 2008
86
 119 94 49.9 RYGB SF – 36 
Physical function 
score 
35.2 ± 10.6 N/A 51.9 ± 8.4 Yes (16.7 score ) 
Colles et al., 2008
137
 129 44 44.3 GB SF – 36 
Physical 
component score 
37.2 ± 10.0 Not stated 49.2 ± 9.8 Yes (12 score) 
Frezza et al., 2007
99
 40 51 
46.55 
(median) 
RYGB SF – 36 
Physical function 
score 
17 (range, 10-38) 26.5 (range 11-30) 26.5 (range 11-30) Yes (9.5 score) 
Gorin et al., 2009
123
 196 
Not 
stated 
47.2 RYGB SF – 36 
Physical function 
score 
46.5 79.5 N/A Yes (33.2 score ) 
Hooper et al., 
2007
124
 
48 6 51.0 RYGB SF – 36 
Physical function 
score 
38.0 ± 19.0 N/A 74.0 ± 21.4 Yes (36 score) 
Horchner  et al., 
1999
127
 
39 
Not 
stated 
40.9 GB SF – 36 
Physical function 
score 
72.7 ± 23.2 N/A 90.0 ± 14.3 Yes (17.3 score) 
Huang et al., 2011
134
 40 
Not 
stated 
43.6 RYGB SF – 36 
Physical function 
score 
57.3 ± 25.9 73.8 ± 22.6 N/A Yes (16.5 score ) 
Iossi et al., 2013
98
 39 11 49.0 RYGB SF – 36 
Physical 
component score 
30.1 ± 9.1 40.9 ± 9.5 45.9 ± 11.4 
Yes (10.8); 
Yes (15.8 score) 
Julia et al., 2013
96
 71 53 47.6 RYGB SF – 36 
Physical function 
score 
38.9 49.9(mean change) 52.6 (mean change) 
Yes (49.9); 
Yes (52.6 score ) 
Josbeno et al., 
2010
81
 
17 3 46.9 RYGB 
Medical outcomes  
SF – 36 
Physical function 
score 
38.2 ± 23.6 89.7 ± 15.5 N/A Yes (51.5 score ) 
King et al., 2012
76
 310 276 47.0 All SF – 36 
Physical function 
score 
37.6 ± 10.7 N/A 50.7 ± 8.3 Yes (13.1 score) 
Lyytinen et al., 
2013
101
 
16 2 44.0 RYGB RAND – 36 
Physical function 
score 
58.5 ± 18 81.5 ± 25.6 N/A Yes (23.0 score) 
Nickel et al., 2005
136
 21 1 47.4 GB SF – 36 
Physical function 
score 
37.8 ± 13.1 N/A 
61.3 ± 17.2 (3 
years) 
Yes (23.5 score) 
Ohrstrom et al., 
2001
97
 
11 6 41 VBG SF – 36 
Physical function 
score 
46 ± 24 78 ± 23 88±17 
Yes (32); 
Yes (42 score) 
Sarwer et al., 2010
95
 
200 (198, 
147) 
2 & 53 N/A RYGB SF – 36 
Physical function 
score 
34.2 ± 25.5 67.5 ± 23.9 74.0 ± 21.8 
Yes (33.3); 
Yes (39.8 score) 
Tompkins et al., 
2013
109
 
25 5 45.5 RYGB SF – 36 
Physical function 
score 
34.4 ± 9.6 52.1 ± 8.6 N/A Yes (11.5 score ) 
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Author, 
publication date 
(Reference) 
Sample 
size 
analysed 
Drop out BMI 
Surgery 
type 
Measure of 
physical function 
Measurement 
units 
Physical 
function level 
Pre-surgery 
Physical function 
level 3-6 month 
post-surgery 
Physical function 
level 12 months 
post-surgery 
Improved outcome 
when compared to 
baseline 
Vincent et al., 
2012
126
 
25 
Not 
stated 
47.0 
RYGB, 
GB 
SF – 36 
Physical function 
score 
32.1 ± 11.9 43.6 ± 11.2 N/A Yes (17.17 score ) 
Wiklund et al., 
2015
132
 
70 
Not 
stated 
44.7 RYGB 
Disability rating 
index 
Total score 30.4 N/A 14.2 (18 months) Yes (16.2 DRI score) 
Objective Physical Function 
 
        
Ben-Dov et al., 
2000
139
 
19 21 43.3 VBG 
Incremental 
maximal cycle test 
watts 124.0 ± 30.5 N/A 127.0 ± 39.2 Yes (3.0 watts) 
Bond et al., 2008
86
 119 94 49.9 RYGB Walking min/week 170.2 ± 325.0 N/A 385.9 ± 458.0 Yes (215.7 min/week) 
Da Silva et al., 
2013
102
 
17 9 46.0 RYGB 6MWT m 489.0 ± 14.0 536.0 ± 14.0 N/A Yes (47 metres) 
Da Silva et al., 
2013
102
 
17 9 46.0 RYGB 30% handgrip force kgf 10.0 ± 0.7 9.0 ± 0.7 N/A No (1kgf) 
De Souza et al., 
2010
114
 
61 
Not 
stated 
49.4 RYGB 
Treadmill exercise 
test 
m 401.8 ± 139.0 513.4 ± 159.9 690.5 ± 76.2 
Yes (111.6); 
Yes (288.7 metres) 
De Souza et al., 
2009
115
 
49 8 51.1 RYGB 6MWT m 381.9 ± 49.3 N/A 467.0 ± 40.3 Yes (85.1 metres) 
Handrigan et al., 
2010
117
 
10 
Not 
stated 
49.1 DS 
Lower limb  
maximal force 
kg 74.4 ± 15.1 58.9 ± 11.8 50.4 ± 8.6 
No (15.5kg); 
No (24.0kg) 
Hortobagyi et al., 
2010
128
 
10 10 43.2 RYGB Walking speed step/min 121.0 ± 7.5 117.0 ± 8.2 119.0 ± 8.6 
Yes (4.0); 
Yes (2.0 step/min) 
Hue et al., 2010
116
 10 
Not 
stated 
50.2 DS 
Lower limb  
maximal force 
N 742.8 ± 131.3 N/A 493.9 ± 84.3 No (248.9 N) 
Iossi et al., 2013
98
 39 11 49.0 RYGB 
Timed get up and 
go 
sec 12.6 ± 3.1 10.3 ± 2.4 9.6 ± 2.7 
Yes (2.3); 
Yes (3.0 s) 
Josbeno et al., 
2010
81
 
17 3 46.9 RYGB 6MWT m 393 ± 62.1 446 ± 41.4 N/A Yes (53 metres) 
Josbeno et al., 
2010
81
 
18 2 46.9 RYGB 
Short physical 
performance 
battery 
SPPB score 11.2 ± 1.2 11.7 ± 0.6 N/A Yes (0.5 SPPB score) 
Kanopakis  et al., 
2001
113
 
16 
Not 
stated 
49.0 VBG 
Treadmill exercise 
test 
s 675.0 ± 226.0 1007.0 ± 389.0 N/A Yes (332 s) 
Lyytinen et al., 
2013
101
 
16 2 44.0 RYGB 6MWT m 500.7 ± 56.8 561.4 ± 50.6 N/A Yes (60.7 metres) 
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Author, 
publication date 
(Reference) 
Sample 
size 
analysed 
Drop out BMI 
Surgery 
type 
Measure of 
physical function 
Measurement 
units 
Physical 
function level 
Pre-surgery 
Physical function 
level 3-6 month 
post-surgery 
Physical function 
level 12 months 
post-surgery 
Improved outcome 
when compared to 
baseline 
Lyytinen et al., 
2013
101
 
16 2 44.0 RYGB Timed up and go s 7.4 ± 1.7 6.4 ± 0.9 N/A Yes (1.1 s) 
Maniscalo et al., 
2006
111
 
15 4 42.1 GB 6MWT m 475.7 N/A 626.3 Yes (150.6 metres) 
Maniscalo et al., 
2007
112
 
12 3 43.2 GB 6MWT m 416.5 ± 67.1 N/A 615.2 ± 104.0 Yes (198.7 metres) 
Miller et al., 2009
103
 18 6 53.0 RYGB 4 meter walk time s 5.4 ± 3.3 4.2 ±2.4 3.9 ± 1.4 
Yes (1.2); 
Yes (2.5 s) 
Miller et al., 2009
103
 18 6 53.0 RYGB 
Short physical 
performance 
battery score 
SPPB score 9.1 ± 1.7 10.3 ± 2.1 11.1 ± 1.3 
Yes (1.2); 
Yes (2.0 SPPB score) 
Miller et al., 2009
103
 16 8 53.0 RYGB Maximal torque Nm 126.3 ± 7.2 111.7 ± 36.8 97.7 ± 31.6 
No (14.6); 
No (28.6 Nm) 
Ohrstrom et al., 
2001
97
 
11 6 41.0 VBG 
Walking  energy 
expenditure 
KJ.min
-1
 27.4 ± 4.9 19.3±3.3 19.1 ± 3.0 
Yes (8.1); 
Yes (8.3  KJ.min
-1
) 
Seres et al., 2006
110
 31 
Not 
stated 
51.0 
Not 
stated 
Treadmill exercise 
test 
min 13.8 ± 3.9 N/A 21.6 ± 4.3 Yes (7.8 minutes) 
Tompkins et al., 
2013
109
 
25 5 45.5 RYGB 6MWT m 414.1 ± 104.0 551.5 ± 101.2 N/A Yes (137.4 metres) 
Valezi et al., 2011
108
 43 1 35.9 RYGB 
Treadmill exercise 
test 
m 378.9 ± 126.5 N/A 595 ± 140.4 Yes (216.1 metres) 
Vargas et al., 2013
107
 67 
Not 
stated 
50.5 RYGB 6MWT m 405.3 ± 92.3 500.1 ± 111.6 N/A Yes (94.8 metres) 
Vargas et al., 2013
107
 67 
Not 
stated 
50.5 RYGB Timed up and go sec 10.0 ± 2.5 7.5 ± 1.4 N/A Yes (2.5 s) 
Vincent et al., 
2012
126
 
25 
Not 
stated 
47.0 
RYGB, 
GB 
Fastest possible 
walking speed 
cm/ s 155.0 ± 26.0 162.0 ± 27.0 N/A Yes (7 cm/ s) 
Wasmund et al., 
2011
106
 
153 
Not 
stated 
47.0 RYGB 
Treadmill exercise 
test 
s 917.0 ± 358.0 N/A 
1362 ± 322  
(2 years) 
Yes (445 s) 
Wiklund et al., 
2014
105
 
37 10 42 RYGB 
Peak grip force  
(Right & Left) 
N 
298 ± 102 (R) 
295 ± 92 (L) 
N/A 
287 ± 62 (R) 
276 ± 60 (L) 
No (11 N) 
No (19 N) 
Wiklund et al., 
2014
105
 
37 10 42 RYGB 6 MWD m 532.0 ± 81.0 N/A 599.0 ± 70.5 Yes (67 metres) 
Wilms et al., 2012
93
 18 
Not 
stated 
46.3 
RYGB, 
Sleeve 
Cycle exercise test s 518.0 ± 127.3 N/A 
549 ± 165.5 
(27.7 months) 
Yes (31 s) 
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Author, 
publication date 
(Reference) 
Sample 
size 
analysed 
Drop out BMI 
Surgery 
type 
Measure of 
physical function 
Measurement 
units 
Physical 
function level 
Pre-surgery 
Physical function 
level 3-6 month 
post-surgery 
Physical function 
level 12 months 
post-surgery 
Improved outcome 
when compared to 
baseline 
Zavala et al., 1984
104
 13 
Not 
stated 
Not stated RYGB 
Treadmill exercise 
test 
METs 4.6 3.8 N/A Yes (0.8 METs) 
KEY: RYGB: Roux-en Y gastric bypass; GB: gastric banding; VBG: vertical banded gastrectomy; DS: duodenal switch; PF:  physical function; 6MWT: 6 minute walk test; MET: metabolic 
equivalent; KJ: Kilojoule; Nm: Newton metre; SPPB: short physical performance battery; kgf: kilogram force; m: metre; min: minute; s: second; cm: centimetre; N/A: Not applicable. 
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Of the 24 reported physical activity measurements, retention post-surgery was reported for 18 
measurements and attrition ranged from one to 218; six did not report attrition. Of 50 physical 
function measurements recorded, the retention rate was reported in 34 studies, ranging from one to 
276 and not reported for 16 studies. Thirty percent of the outcome measures recorded for either 
physical activity or physical function did not report study attrition; this could lead to uncertainty of 
outcomes. However, all outcome measures included in the meta-analysis were objective or validated 
measures of physical function. 
Meta-analysis based on 11 studies showed an increase in walking performance at 3-6 months (SMD: 
0.82; 95% CI: 0.57 to 1.06), with a heterogeneity score of I
2 
=43% (Figure  3.2). At 12 months, 
analysis of nine studies also indicated increased performance (SMD: 1.53; 95% CI: 1.02 to 2.04: I
2  
=83%) (Figure ‎3.3). 
 
Figure 3.2: Meta-analyses of pre to post-operative walking ability at 3-6 months. Forest plots of 
random-effects meta-analyses of pre to post-operative objective functional walking ability. 
Figure 3.3: Meta-analyses of pre to post-operative walking ability at 12 months. Forest plots of 
random-effects meta-analyses of pre to post-operative objective functional walking ability. 
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Sub-sample analyses were carried out on the 6MWT, a test indicative of functional exercise capacity. 
At 3-6 months, based on five studies, an increase of 74.55 metres (95% CI: 46.9 to 102.2) was shown, 
with a heterogeneity score of 59%. From the three studies reporting 12 month data the increase was 
184.36 metres (95% CI: 1.35 to 2.30).  
There was no clear association between percentage weight change and percentage change in walking 
performance pre to 12 months post-bariatric surgery (Figure  3.4). 
 
 
 
 
 
 
 
 
 
 
 
Figure  3.4: Percentage improvement in pre to 12 months post-operative walking performance versus 
weight loss. 
 
Measures of musculoskeletal function were used in 10 studies. Table 2 displays the specific tests and 
indicates the direction of results. Meta-analysis demonstrated improvements 3-6 months post-surgery 
with a SMD of 1.51 (95% CI: 0.60 to 2.42; I
2 
= 81%) (Figure  3.5). Only two studies examined 
musculoskeletal outcomes at 12 months with both showing improved outcomes
98, 103
.  
 
 
 
 
 Figure 3.5: Meta-analyses of pre to post-operative musculoskeletal function at 3-6 months. Forest 
plots of random-effects meta-analyses of pre to post-operative objective musculoskeletal function. 
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Measures of absolute muscle strength/force/torque were reported in five studies with post-surgery 
assessment ranging from 3 to 12 months. All studies reported a reduction in absolute strength post-
surgery, with pooled data indicating a SMD of -1.04 (95% CI: -1.76 to -0.33), and heterogeneity score 
of I
2 
=77% (Figure ‎3.6).  
 
 
 
 
 
 
 
 
Eighteen studies included self-reported physical function, 17 of which used the self-reported 36-item 
short-form health survey (SF-36) 
76, 81, 86, 95-99, 101, 109, 123, 124, 126, 127, 134, 136, 137
 for assessing physical 
function. All studies reported an increase in the physical function or physical component score post-
surgery (Table  3.2). Mean SF-36 scores are recorded out of a maximum of 100. Meta-analysis of eight 
studies indicated a mean SF-36 score difference of 22.57 (95% CI: 14.92 to 30.21) and heterogeneity 
score of I
2 
= 91% at 3-6 months (Figure  3.7).  
 
 
 
 
 
 
 
Figure 3.6: Meta-analyses of pre to post-operative muscle strength at 3-12 months. Forest plots 
of random-effects meta-analyses of pre to post-operative objective muscle strength. 
Figure 3.7: Meta-analyses of pre to post-operative SF-36 at 3-6 months. Forest plots of random-
effects meta-analyses of pre to post-operative objective SF-36. 
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At 12 months, the mean SF-36 score difference from eight studies was 22.35 (95% CI: 16.6 to 28.10, 
I
2 
= 95%). (Figure  3.8). 
 
 
 
 
 
 
 
 
 
  
Figure 3.8: Meta-analyses of pre to post-operative SF-36 at 12 months. Forest plots of random-
effects meta-analyses of pre to post-operative objective SF-36. 
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3.4 Discussion 
This review indicates that physical activity is increased after bariatric surgery, as assessed by self-
reported and objective measures. All cardiovascular and musculoskeletal measurements of physical 
function improved from pre to post-surgery, while absolute muscle strength measurements decreased. 
Meta-analyses of physical function suggest that self-reported physical function (SF-36), objective 
musculoskeletal, and walking function improved within six months of bariatric surgery and improved 
further by 12 months post-surgery.  
3.4.1 Physical activity 
Self-reported outcome measures consistently indicated increased physical activity post-surgery. 
However, the heterogeneity of measurement tools makes comparisons between studies difficult. The 
Leisure Time Physical Activity Questionnaire
140
 was used in 3 studies, but a further 12 other tools 
were reported across the remaining 14 studies. These provide a range of outcome data based on 
minutes of activity
79, 81, 86, 105, 122, 133, 135
, energy expenditure
121
, points on a scale
101, 129, 130
, questionnaire 
specific scoring
131, 137
 or percentage of active participants
23, 125, 138
. Consistent use of a validated 
assessment tool across studies would allow meaningful comparisons of physical activity behaviour in 
this population.  
When examined by length of follow-up, self-reported physical activity increased after surgery in all 
studies at 3-6 months, and in all except one study at 12 months. However, whether self-reported 
measures of physical activity concur with objectively measured physical activity in this population 
has been questioned
79
.   
In the current review, accelerometers and pedometers were utilised to obtain objective measurements 
in seven studies. Only one of three studies demonstrated an increase in physical activity based on step 
count from pre to 3-6 month follow-up
81
, whereas all four studies showed increases at 12 months. The 
two studies indicating a decrease in physical activity at 3-6 months post-surgery were based on 
accelerometer data collected at exactly six months
78, 79
. However the type of physical activity differed 
(total physical activity
78
 versus MVPA
79
). This reduction in physical activity could be a result of the 
post-surgical metabolic changes induced by calorific restriction
78
. The study reporting increased 
physical activity 3-6 months post-surgery found an increase of 2749 steps per day
81
. Step count does 
not provide an indication of the intensity of the activity undertaken; however, when taking in to 
consideration the reduction of MVPA and total physical activity, an increase in step count would 
suggest a shift in the intensity of physical activity being undertaken 3-6 months post-operatively. 
Participants may therefore undertake more light activity at earlier post-operative time points. 
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The improvement in self-reported physical activity from pre to 3-6 months, and the general reduction 
in objectively measured physical activity using accelerometers at the same post-operative time point is 
of interest. Results support previous research which has also demonstrated over-reporting of post-
operative physical activity
79
. Over-reporting may represent a change in perceptions in the ease of 
performing activities, due to improved physical function resulting from weight loss. Further research 
is therefore needed to determine the reason for over-reporting post-operative physical activity in this 
population. This over-reporting of physical activity, if unintentional, could have a detrimental 
outcome on long-term weight maintenance. This review does, none the less, indicate that from pre to 
12 months post-bariatric surgery both objective and self-reported physical activity increases.  
Only two studies measured physical activity at both 3-6 months and 12 months post-surgery, both of 
which used self-reported tools
23, 133
. Sjöström et al
23
 reported that the proportion of individuals that 
were self-categorised as active increased by 37% at 3-6 months and was maintained at 12 months 
after surgery, although their volume of physical activity cannot be determined. Vatier et al
133
 reported 
an improvement in leisure time physical activity at both post-operative time points. Physical activity 
increased more in the first 3-6 months after bariatric surgery and then continued to improve at 12 
months but at a slower rate, reflecting weight loss patterns observed in previous research
23
. Weight 
loss after bariatric surgery occurs rapidly in the first six months and slows towards 12 months with 
weight regain indicated at the 12 to 24 month time point
23
.  
The most recent study included in this review focused on objective MVPA assessed by accelerometry 
in a large sample. It suggested that 89.4% of post-surgery patients were still not sufficiently active by 
12 months post-surgery
76
, that is they were not meeting the guidelines of ≥150 minutes of moderate 
intensity physical activity weekly as recommended for the general adult population
82
. Step count data 
indicated that participants were classified as ‘somewhat active’; that is, likely to be undertaking some 
volitional activities and/or occupational activity 12 months post-surgery
141
. Self-reported physical 
activity questionnaires predominantly focus on leisure time physical activity, making it difficult to 
determine intensity and enable comparisons to current physical activity guidelines. A large study by 
Colles et al
137
 did however differentiate between physical activity domains showing leisure time and 
sport physical activity increased whereas work physical activity remained the same 12 months post-
operatively.  The variability of self-reported and objectively measured physical activity tools used in 
the different studies within this review makes it difficult to definitively state that physical activity 
guidelines are not met 12 months post-surgery. More research is therefore needed to determine if the 
increase in physical activity is sufficient. If not, interventions for increasing physical activity to 
recommended levels post-surgery should be explored. 
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3.4.2 Objective physical function 
Extreme obesity drastically inhibits physical function, physical performance and increases disability
103
. 
The current meta-analyses displayed large improvements in walking outcomes at 3-6 months and even 
greater improvements at 12 months through bariatric surgery. As previously reported, walking speed 
slows as a result of obesity
101
. Therefore any post-operative improvements in walking speed would be 
likely attributed to weight loss which would mean the greatest improvements occurring within six 
months of surgery. Walking distance improvement appeared to be similar between post-surgery 
segments (pre to 3-6 months, 3-6 to 12 months) and functional walking distance patterns increased 
consistently to 12 months at a greater rate than either physical activity or weight loss. This suggests 
that walking improves as a result of weight loss, although it seems likely that physical activity is 
required for improvement to be maintained once the rate of weight loss plateaus. However, the 12 
month pooled result should be interpreted with caution due to high heterogeneity. 
Objective evaluation of fitness and functional exercise capacity in this population is regularly assessed 
by the 6MWT
115
.  The mean improvements in all the studies which reported the 6MWT distance from 
pre to 3-6 months and pre to 12 months post-surgery were 75 meters and 184 meters respectively. A 
minimal clinically importance difference (MCID) for the 6MWT in bariatric surgery patients has not 
been established. However, for patients with chronic obstructive pulmonary disease, a change in the 
range of 54 to 80 metres has been estimated as clinically meaningful
142
. Based on these data, the 
improvement of 184 metres observed at 12 months in this analysis, is likely to be of sufficient 
magnitude to be clinically useful in this population.  
Large increases in musculoskeletal function were recorded at 3-6 months, which can translate into 
mobility and strength improvements that facilitate activities of daily living. These might include 
housework, stair climbing, hill walking, lifting and carrying heavy objects
94, 103, 105
. Previous research 
has also found that obesity affects musculoskeletal function and movements of daily living such as 
transitioning from sitting to standing
103,101
. The small number of studies reporting 12 month outcomes 
meant meta-analysis was not possible. The two studies which did report 12 month data also reported 
3-6 month data helping the understanding of post-surgery musculoskeletal function patterns. One 
study reported the timed ‘get up and go’ test which improved by 2.3 seconds by 3-6 months, and a 
further 0.7 seconds at 12 months
98
. This improvement is more than double the minimal detectable 
change of 1.14 seconds reported in the literature
143
. The second study reported the short physical 
performance battery score improvement of 1.2 points at 3-6 months and a further 0.8 points at 12 
months
103
; this is double the score of 1.0 which represents a substantial meaningful change
144
. Both 
studies show the majority of improvement occurs by 3-6 months concurring with previous research
98
.  
The current review does show that musculoskeletal function continues to improve at least up until 12 
months post-bariatric surgery. 
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With rapid weight loss, drastic FFM loss also occurs, typically between 33% and 50% 
105,145
.This 
supports the large reduction in absolute muscle strength indicated by the meta-analysis (SMD of -
1.04). Muscle torque was the only absolute value reported at both post-operative time points showing 
a decrease of 15 newton metres by 3-6 months, and a twofold decrease by 12 months. FFM loss 
negatively affects resting metabolic rate, with this metabolic response occurring naturally to counter 
weight loss
146
. Exercise training post-bariatric surgery would be a useful intervention to optimise post-
surgical weight loss and body composition outcomes
94, 147
. 
3.4.3 Self-reported physical function 
All included studies reported improvements in self-reported physical function regardless of post-
operative follow-up time frame. This suggests patients perceive an improvement in their day to day 
lifestyle activities and mobility after bariatric surgery. Studies reporting data from both post-operative 
time points reveal greater improvements in self-reported physical function by 3-6 months after 
surgery, with smaller improvements or maintenance from 3-6 to 12 months
97-99
. This suggests that the 
weight loss is directly responsible for functional improvements. However, it also reflects the patterns 
observed of post-operative physical activity although data assessing both post-operative time points is 
currently limited
133
. Minimal clinically important points scores (MCIPS) for the SF-36 have been 
identified between 10 (small) and 30 (large) in patients with chronic obstructive pulmonary disease
148
. 
The improvement of 18 points demonstrated at 12 months in the current analysis could therefore be 
tentatively interpreted as moderately important changes in perceived function. 
3.4.4 Objective versus self-reported physical function 
Objective and self-reported physical function measurements are not easily comparable because they 
do not assess the same outcome. Nevertheless when examining the post-operative improvements, 
physical function as assessed by the SF-36 as a component of health-related quality of life showed a 
similar mean improvement at both 3-6 and 12 months, whereas the objective measurement of the 
6MWT more than doubled in improvement from 3-6 to 12 months. Objective musculoskeletal results 
also display larger improvements by 3-6 months with continued improvement by 12 months, albeit at 
a slower rate. Absolute muscle torque was the only absolute value reported at both post-operative time 
frames showing absolute muscle torque decreased consistently to 12 months. No obvious pattern was 
shown between objective and self-reported methods. This may suggest that self-reported assessments 
of physical function may over estimate improvements 3-6 months post-surgery, or under estimate 
improvements 12 months post-surgery, indicating the importance of objective measurement of 
physical function. It is important to acknowledge that both objective and self-reported physical 
function can be affected by an individual’s co-morbidity status, for example musculoskeletal disorders 
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such as arthritis may limit physical functional ability
149
. However, the included studies did not report 
participant’s co-morbidity status and therefore was not included in the current systematic review. 
3.4.5 Physical function and weight loss 
Positive changes in physical function outcomes and weight loss alone have been reported following 
bariatric surgery
76, 115-117
. Therefore the results of eight studies that provided data on the 6MWT and 
weight were plotted in Figure ‎3.4, concluding that the relationship between weight loss and walking 
performance is still unclear. Research also suggests that physical activity is associated with greater 
weight loss leading to improved physical function
94
, however self-reported improvements in physical 
function from pre to post-surgery as a result of weight loss alone have also been reported
81
. A clear 
relationship between physical activity, physical function and weight loss is yet to be identified, since 
patterns have not been directly investigated. Objective physical activity, self-reported physical 
function and weight have been investigated in two studies
76, 137
. Similarly only two studies report 
objective physical function, self-reported physical activity and weight
101, 105
 and only one study reports 
weight with both objective activity and function
81
. In addition to this, the absence of recognised tools 
to assess quality in these types of studies, retention rates were extracted and indicated predominantly 
high retention or was regularly not reported
150
 This makes it difficult to draw conclusions about the 
relationship between post-operative outcomes, and more studies are needed that assess physical 
activity, physical function and weight loss so that post-operative activity guidelines can be developed 
to optimise individuals’ outcomes. 
One way to examine the importance of physical activity after surgery for optimising physical function 
and weight outcomes is through exercise interventions. Although few such clinical trials exist, there 
are encouraging findings in respect of the benefits of post-surgical exercise. Results of three 
randomised trials indicate that an additional aerobic exercise programme after gastric band surgery led 
to superior improvements in functional capacity over surgery alone
89, 91, 92
 (as assessed by the 6MWT). 
A further trial investigated the effects of resistance training on fitness and functional strength after 
bariatric surgery, and reported improvements in the sit-to-stand test, VO2 max and functional strength 
compared to non-exercising counterparts
88
. This research therefore suggests the importance of 
exercise training alongside dietary advice post-bariatric surgery to optimise physical activity, physical 
function , FM loss and preserve FFM.  
3.4.6 Strengths and limitations 
This systematic review is the first review and meta-analysis to the author’s knowledge to examine 
both objective and self-reported physical activity and physical functions as a result of bariatric surgery. 
This is the first review to explore physical activity and physical function at both short and longer term 
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post-operative time points. This is also the first meta-analysis to examine objective and self-reported 
physical function at specific post-operative time points.  
Limitations include the variability of self-reported and objective measures of physical activity. 
Although non validated measures were reported in studies, all outcomes in the meta-analysis were 
either objective or validated to minimise bias. The physical activity measurement heterogeneity makes 
it difficult to define study comparison. Due to the limited literature sources available, the review only 
reported 3-6 months and 12 months post-surgery. The co-morbidity status of individuals was not 
reported, this could affect participants physical function status and physical activity levels.  
It is important for future research to follow up patients at later post-operative time frames to 
determine their physical activity levels and physical function status. Future research should also 
control for co-morbidity status to ensure the improvements shown are resulting from surgery alone. 
This review found no relationship between changes in weight and physical function. Future large 
scale trials are essential to help determine if weight loss alone improves physical function or whether 
physical activity is an essential contributor. 
3.5 Conclusion 
This systematic review of the evidence demonstrates that objective and self-reported physical activity 
improves by 12 months after bariatric surgery. A decrease in objectively measured MVPA and an 
increase in step count at 3-6 months, indicates a shift towards a greater amount of lower intensity 
physical activity within the first six months after surgery. Walking, musculoskeletal and self-reported 
physical function all improved by 12 months. No relationship was identified between changes in 
weight and physical function. However, based on promising results from pilot studies, larger trials are 
necessary to further understand the effects of physical activity on post-surgical outcomes.
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      Chapter Four  
 
A retrospective cohort analysis of body mass, health, and functional 
outcomes after bariatric surgery 
 
 
Chapter Overview 
This chapter reports the results of a retrospective analysis of a cohort of 233 patients undergoing 
bariatric surgery at a large NHS hospital in England. The dataset was extracted from a national 
database the National Bariatric Surgery Registry (NBSR) and includes pre and post-operative 
measurements of body mass, stair climbing ability, and co-morbidities. The study aimed to identify if 
and when weight regain occurs, the proportion of co-morbidity resolution and physical function 
patterns in patients after bariatric surgery. The chapter concludes that body mass reduction, physical 
function and co-morbidity improvements occur through both gastric band and Roux-en-Y gastric 
bypass surgery, but weight regain is evident 24 months post-surgery. 
 
Key findings 
 Body weight, physical function and co-morbidities improved as a result of bariatric surgery.  
 Weight loss patterns indicated weight regain occurs 24 months post-surgery.  
 Resolution was indicated in all reported co-morbidities; sleep apnoea showed the highest rate 
of resolution.  
 Gastric bypass led to greater weight loss than gastric band, supporting the recent shift towards 
gastric bypass procedures to optimise post-operative outcomes and cost-effectiveness for the 
National Health Service. 
 
Publications 
The research described in this chapter was presented at the 61
st
 Annual Meeting of the American 
College of Sports Medicine (ACSM, Florida, USA, 2014).   
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4.1 Introduction 
The number of bariatric surgery procedures undertaken for the treatment of obesity is increasing in 
line with rising obesity rates
4, 54. The Health Survey for England data shows adult obesity (BMI ≥30 
kg∙m2) increased from 15.4% in 1993 to 24.8% in 2012 whilst morbid obesity (BMI ≥40 kg∙m2)  
increased from 1.6% to 2.4% respectively
151.  Therefore approximately 1.5 million of England’s adult 
population have a BMI of ≥40 kg∙m24. Bariatric surgery aims to improve overall health by reversing 
or preventing obesity-related co-morbidities and contributing to HRQoL through weight loss
4, 96
.  
Current NICE guidelines are to consider patients for bariatric surgery if they have a BMI of ≥40 kg∙m2, 
a BMI of ≥35 kg∙m2 with co-morbidities, or a BMI of ≥35 kg∙m2 and unable to lose sufficient weight 
through conventional methods
152
. Since 2014 patients with T2DM are now also assessed for bariatric 
surgery; NICE updated the guidelines because of the associated cost benefit for the NHS from 
reducing the T2DM burden
24
. A systematic review by Picot et al
153
 confirmed the clinical and cost- 
effectiveness of bariatric surgery for the treatment of moderate and severe obesity when compared to 
non-surgical alternatives. Further to this a systematic review by Warren et al
48
 examined the effect of 
bariatric surgery on co-morbidity resolution. The authors reported an improvement or complete 
resolution of T2DM in 76.8% of patients with diabetes as a result of surgery. Obesity also negatively 
impacts HRQoL and an important component of HRQoL is physical function
154
. Essential activities of 
daily living, such as walking, stair climbing, and getting up from a chair are limited in obese 
individuals due to the high prevalence of musculoskeletal disorders related to excessive weight
12
. 
Research suggests that as a result of bariatric surgery, improvements in physical function are seen as 
early as three months post-operatively and continue to improve to 12 months
96
. 
It is increasingly apparent that many bariatric patients begin to regain weight between 12 and 24 
months of surgery
41, 42. Weight regain is believed to occur due to the patient’s inability to adopt or 
maintain the necessary changes in physical activity and dietary behaviour
22
. A study by Zalesin et al
59
 
identified that multidisciplinary follow-up interventions are successful in preventing this weight 
regain. Research has suggested that post-bariatric surgery care is complicated and lifelong follow-up 
is fundamental for long-term success
54
. NICE guidelines highlight the importance of pre and post-
surgery support including regular dietetic advice, co-morbidity management, pathology monitoring, 
psychology provision if needed, and physical activity advice
24
. Due to the absence of any UK data on 
physical function and weight patterns, this analysis was conducted to explore data collected through 
routine NHS care in an entire NHS bariatric surgery cohort to allow a detailed examination of long 
term outcomes. 
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The study reported in this chapter aimed to examine the pattern of changes in body weight, functional 
performance, co-morbidities and blood biomarkers up to four years post-bariatric surgery. Specific 
objectives were:  
 To identify the stage at which weight loss peaks.  
 To identify if weight regain is evident and at what stage 
 To examine any differences in weight loss or weight regain between patients receiving 
different surgical procedures or different demographic sub-groups (gender, age).  
 To examine changes in stair climbing ability as a marker of physical function.  
 To examine resolution rates of eight co-morbidities (T2DM, hypertension, dyslipidaemia, 
sleep apnoea, asthma, arthritis, gastro oesophageal reflux disease and polycystic ovary 
syndrome [PCOS (females only)]) associated with obesity.  
 To examine changes in two blood biomarkers (total cholesterol and non-fasting HbA1c).  
4.2 Methods 
4.2.1 Study design 
A retrospective analysis was performed on pre and post-surgical outcome data from a sample of 
bariatric surgery patients. The sample had undergone bariatric surgery at the Royal Berkshire NHS 
Foundation Trust, one of the largest general hospital foundation trusts in England which provides 
medical services to half a million people
155
. The two main surgical procedures carried out at this NHS 
trust are Roux-en-Y gastric bypass and gastric banding; there are also small numbers of revisional 
gastric band procedures and gastric balloon placements. From September 2009 all bariatric surgery 
procedures undertaken at this hospital were stored on the NBSR national database. The NBSR is the 
largest database in the UK and Ireland for hospitals and clinics to record their pre and post-operative 
bariatric and metabolic surgery outcomes; it includes data for 136 institutions. Comprehensive reports 
are published based on the NBSR national data set to describe the national bariatric surgery outcomes 
for the UK and Ireland
4, 156
.  
All data are anonymised prior to being uploaded on the NBSR national database, hence the hospital’s 
total sample of patients (n=233) were stored as numbered subjects to ensure patient confidentiality. 
Data for each of the 233 patients were extracted independently for this analysis.  
4.2.2 Participants 
All patients’ who underwent any bariatric surgical procedure from September 2009 to May 2014 at 
the Royal Berkshire NHS Foundation Trust were included. 
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This hospital provides a pre-operative lifestyle intervention for their bariatric surgery patients as 
recommended in the NICE guidelines to prepare patients for surgery. The hospital also follows up 
patients regularly for two years after the surgical procedure
24
. Due to the nature of routine follow up 
data, the number of patients attending at each follow-up visit varied. The total number of follow-up 
appointments attended varied from none to ten. Since the numbers of patients attending each follow-
up varied, an additional sub-sample analysis of the total sample was included. A 63 patient sub-
sample who had undergone gastric banding and who had both pre-operative and 24 month post-
operative follow-up data were explored separately. This was to detect changes in a complete patient 
sample at both pre and 24 months post-surgery to identify whether it reflects the total sample results 
(n=233).  
4.2.3 Outcome measures 
Extracted data included basic demographics (e.g. gender, ethnicity, age), the surgical procedure 
details (e.g. type of bariatric procedure, details of the procedure, equipment used, additional 
procedures and any complications) and pre and post-operative follow-up appointment data 
(anthropometric, co-morbidities and functional status).  
Pathology reports were only obtained for the sub-sample (n=63). The sub-samples pathology reports 
were individually extracted. Of the 63 patients, blood results were available for 53 (43 females; 10 
males) patients, although not all had complete data.  
Anthropometric measurements 
Body mass was measured using specialist weighing scales (Class III High Capacity Digital Scales with 
BMI, Alpine, UK) and stretch stature was measured using a portable stadiometer (Holtain, UK). Body 
mass and stretch stature were used to calculate BMI. The %EWL was calculated based on the 
following equation
4, 156
:  
 
 
 
 
 
 
 
Measurements of physical function 
Functional status was measured by patients’ self-reported stair climbing ability. Stair climbing ability 
was recorded at every pre and post-operative assessment into one of four categories: chair/bed bound; 
Initial body mass (kg) – current body mass (kg) 
 
X 100 
 
Initial body mass (kg) – [25 (kg∙m2) x height2 (m2)] 
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can climb half a flight of stairs; can climb one flight of stairs; and can climb at least three flights of 
stairs. Poor functional status is classified as the inability to climb more than one flight of stairs 
according to the NBSR report. 
Co-morbidities 
Pre and post-operative co-morbidity status was reported for T2DM, hypertension, dyslipidaemia, 
sleep apnoea, asthma, arthritis, gastro oesophageal reflux disease (GORD) and PCOS via diagnosis 
health care professionals. Depression, atherosclerosis, liver disease and risk factors for pulmonary 
embolus were only reported pre-operatively. All co-morbidity information was recorded by formal 
reassessment by the bariatric nurse and any additional information from the patients’ medical notes. 
Typically, blood samples are obtained to coincide with follow-up appointments which inform co-
morbidity status along with verbal reassessment of symptoms for co-morbidities such as GORD and 
arthritis.  
Biochemical measurements 
Venous blood sample results were obtained by the direct care team through pathology reports for full 
lipid profile (total cholesterol, high density lipoproteins [HDL], low density lipoproteins [LDL] and 
Triglycerides), total calcium and non-fasting HbA1c. These blood samples were obtained through 
routine care by qualified nursing staff using the standard NHS protocol for taking venous bloods. 
4.2.4 Data analysis 
Pre and post-operative follow-up information were reported in the database as dated follow-up 
appointments. Consequently for analysis, follow-up appointments were transformed to fit one of the 
standard follow-up time-points (1, 6, 12, 18, 24, 36 and 48 months). Any appointment dates that 
deviated from these standard time-points were aligned with the closest one.  
A full dataset analysis of all available data was undertaken on body mass, %EWL, BMI, stair 
climbing ability and co-morbidities. Demographic grouping variables for this bariatric sample were 
compared to explore differences in the main outcomes (e.g. surgery type [band versus bypass], age 
group [≤40 years, 41-60 years, ≥60 years] and gender). Ethnicity was not analysed because of the 
limited variation in the sample and high percentage of Caucasians (91%). 
As the number of patients attending at each follow-up varied, a sub-sample analysis was undertaken 
on 63 gastric band patients who had baseline and 24 month follow-up data available.  
Data were extracted into Excel (Microsoft 2010, Washington, USA) then transferred into SPSS 
statistics software (IBM Corp, version 20, Armonk, NY, USA). Frequency statistics were performed 
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to screen for missing data and potential outliers. Since a large proportion of non-attendance occurred 
at follow-ups, data were not imputed. 
Categorical data has been presented in figures and tables; gender associations were determined using 
chi-square tests and effect sizes (phi) were calculated (φ [small: 0.10; medium: 0.30 and large: 0.50]). 
Continuous data were checked for parametric assumptions and analysed using a one way ANOVA or 
paired sample t-test. A post hoc Scheffe test was used to determine where statistically significant 
differences occurred between groups (e.g. surgery type, gender and age). All data was analysed using 
SPSS statistics software (IBM Corp, version 20, Armonk, NY, USA).  
4.3 Results 
4.3.1 Participant characteristics 
Total sample 
Data from 233 male (24.0%) and female (76.0%) patients aged 45.2 ± 9.8 years with a mean pre-
operative BMI of 49.7±6.7kg∙m2 were extracted from the national NBSR database. The total available 
data for all outcomes have been reported in tables and figures. It may be noted that the available data 
ranged from 24 to 233 patients at different post-operative follow-ups (e.g. body mass data varied from 
231 patients on the day of surgery to 24 patients at 48 months post-surgery). Pre-operative 
characteristics are outlined in Table ‎4.1. Also included in Table ‎4.1 is the sum of co-morbidities. The 
12 pre-operative co-morbidities included T2DM, hypertension, dyslipidaemia, atherosclerosis, sleep 
apnoea, asthma, risk of pulmonary embolus, arthritis, GORD, liver disease, PCOS (females only) and 
depression.  
Sub-sample 
The sub-sample (n=63) comprised both males (20.6%) and females (79.4%) with a mean age of 45.6 
± 8.9 and BMI of 49.5 ± 6.4kg∙m2. The sub-sample included only gastric band patients who had at 
least pre-operative and 24 month post-operative data. This allowed changes to be examined in a 
complete patient sample at both pre and post-surgery to ascertain whether it reflects the total sample. 
It must also be noted that the available data was less than 63 at the follow-up time points between the 
day of surgery to 24 months. For example body mass data existed for 63 patients on the day of 
surgery and 24 months post-surgery, but varied between six and 34 patients at the other follow-ups. 
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Table ‎4.1: Patient characteristics (n=233). 
Characteristics 
Total sample (n=233) 
Mean (SD) or Percent (number) 
Sub-sample (n=63) 
Mean (SD) or Percent (number) 
Age (years) 45.2 ± 9.8 45.6  ± 8.9 
Height (cm) 167.4 ± 9.3 165.9 ± 8.4 
Weight (kg) 139.7 ± 23.1 136.3 ± 22.0 
BMI (kg·m
2
) 49.7 ± 6.7 49.5 ± 6.4 
Gender (%)   
Male 24.0% (56) 20.6% (13) 
Female 76.0% (177) 79.4% (50) 
Ethnicity (%)   
Caucasian  91.0% (212) 92% (58) 
Asian  0.4% (1) N/A 
Afro-Caribbean  3.0% (7) 4.8% (3) 
African 0.4% (1) N/A 
Other 0.9% (2) 1.6% (1) 
Not stated 10.0% (10) 1.6% (1) 
Surgery type (%)   
RYGB 14.2% (33) N/A 
GB 81.1% (189) 98.4% (62) 
Revisional GB 1.3% (3) 1.6% (1) 
Gastric balloon  3.4% (8) N/A 
Source of funding (%)   
Publically funded 87.6% (204) 88.9% (56) 
Privately funded 12.4% (29) 11.1% (7) 
ASA grade (%)   
ASA I  7.7% (18) 9.5% (6) 
ASA II 68.2% (159) 66.7% (42) 
ASA III 23.2% (54) 23.8% (15) 
ASA IV 0.9% (2) N/A 
Pre-operative co-morbidities   
0 to 3 45.5% (106) 42.9% (27) 
4 to 6 47.6% (111) 49.2% (31) 
7 to 9 6.9% (16) 7.9% (5) 
KEY: ASA: American Society of Anesthesiologists (Physical Status classification system); m: males; 
f: females; GB: Gastric band; RYGB: Roux-en-Y gastric bypass; SD: standard deviation. 
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4.3.2 Body mass  
Body mass, BMI and %EWL were obtained upon initial assessment, the day of surgery and at the 
respective follow-up time-points for the total sample. A significant decrease in body mass occurred 
from the initial assessment (139.9 ± 22.6kg) to the day of surgery (135.0 ± 21.9kg) (t (230) =-10.259; 
P<0.001). The total samples’ body mass and BMI follow-up data are shown in Figure  4.1 and 
Figure  4.2. Secondary analysis of body mass variables for the 63 patient sub-sample who had 
recorded on the day of surgery and at 24 months post-surgery have also been reported. 
 
 
 
Figure  4.1: Change in mean BMI from the day of the bariatric procedure to 48 months post-surgery in 
the total sample. Data are reported as mean and SD. 
 
 
 
 
Figure  4.2: Change in body mass from the day of the bariatric procedure to 24 months post-surgery in 
the total sample. Data are reported as mean and SD. 
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In the total sample, a lowest BMI of 40.1kg.m
2
 occurred at six months post-surgery and plateaued 
thereafter until 24 months (41.7kg.m
2
) post-surgery. An overall decrease of 6.4 kg.m
2
 is noted from 
the day of surgery to 24 months post-surgery. The sub-sample analyses on gastric band patients 
showed BMI decreased from 48.3 ± 6.2 kg∙m2 pre-surgery to 43.0 ± 6.2 kg∙m2 at 6-months, plateauing 
from 6 to 24 months where it peaked (41.7 kg∙m2). BMI increased from 24 to 48 months (46.9 kg∙m2). 
An overall 6.6 kg.m
2
 decrease is noted from the day of surgery to 24 months post-surgery; this 
corresponds to a reduction in body mass of 17.9kg. From 24 to 48 months an increase in body mass 
was reported based on 10 patients. Overall both the total sample and the sub-sample showed weight 
regain at 24 months post-surgery. This is shown in the %EWL data presented in Figure  4.3 (total-
sample) and Figure  4.4 (sub-sample). 
 
 
 
Figure ‎4.3: Change in %EWL from the day of the bariatric procedure to 24 months post-surgery in the 
total sample. Total sample data are reported as mean and SD. 
 
 
 
Figure  4.4: Change in %EWL from the day of the bariatric procedure to 24 months post-surgery in the 
sub-sample. Data are reported as mean and SD. 
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The total sample’s %EWL pattern showed an increase from the day of surgery to six months (32.3%), 
although the large SD at six months demonstrates the variability in %EWL. The peak %EWL value 
was 33.3% at 24 months post-surgery, which decreased by 36 months (24.1%). Similarly, the sub-
sample’s %EWL improved rapidly from the day of surgery to six months post-surgery, although the 
6-month assessment is only based on six patients. From six to 24 months post-surgery, %EWL 
plateaued varying by 8.6%. Peak %EWL occurred at 24 months with an improvement of 32.4% of 
excess weight lost since pre-surgery measurements. A reduction in %EWL was shown in those 
attending later follow-ups (n=10).  
Gender comparisons of the total sample showed there was no significant difference between genders; 
mean BMI was 50.0 ± 6.9kg∙m2 and males 48.9 ± 5.8 kg∙m2. No difference occurred between genders 
in %EWL recorded at follow-up to 36 months or %EWL to date (%EWL based on last follow up 
attended). There was a significant difference between age categories in %EWL at 36 months post-
surgery (f(2, 23) = 3.614; p= 0.045). When exploring the sub-sample there was a significant difference 
between age categories in %EWL at 12 months post-surgery (f(2, 23) = 5.202; p= 0.015). Patients ≤40 
years (22.2 ± 7.5%) and 40-60 years (29.1 ± 12.1%) had a significantly greater %EWL than patients 
≥60 years (-3.6 ± 8.41%); however, no differences existed at 24 months. No difference existed for 
gender where a sufficient number of males were available.  
The total sample’s %EWL was significantly different between Roux-en-Y gastric bypass and gastric 
banding procedures (f(1, 218) = 50.102; p<0.001). A mean %EWL to date of 37.9 ± 31.1% in gastric 
bypass patients was significantly higher than 9.5 ± 19.0% in gastric band patients. Differences 
between gastric bypass and gastric band at follow-up can be seen in Table ‎4.2. No difference between 
gastric bypass and gastric banding existed for body mass, age and the sum of co-morbidities at initial 
consultation. 
  
%
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Table ‎4.2: Post-operative %EWL follow-up differences between Roux-en-Y gastric bypass and 
gastric band in the total sample. 
Follow-up 
Surgery 
type 
Patient 
numbers 
Mean ± SD (%) df f p 
1 month 
RYGB 21 27.5 ± 10.3 
(1,75) 3.526 0.064 
GB 55 19.2 ± 19.0 
6 month 
RYGB 14 61.8 ± 21.2 
(1,41) 51.404  < 0.001 
GB 28 28.3 ± 9.2 
12 month 
RYGB 6 72.3 ± 14.7 
(1,59) 57.612 < 0.001 
GB 54 23.6 ± 14.9 
18 month 
RYGB 4 56.1 ± 11.0 
(1,62) 5.944 0.018 
GB 59 31.0 ± 20.3 
KEY: RYGB: Roux-en-Y gastric bypass; GB: gastric band; df: degrees of freedom; f: f statistic; p: 
significance level 
 
4.3.3 Physical function 
Physical function was assessed by self-reported stair climbing ability. Figure  4.5 displays the 
percentage of individuals in the total sample in each category from pre to post-surgery. The 
proportion of patients in the total sample able to climb three flights of stairs increased from 25.8% at 
initial assessment to 75% at 18 months and showed slight decline at subsequent follow-ups. Similarly 
the number of individuals only able to climb one flight of stairs decreased from 61.8% at initial 
assessment to 18.3% at 18 months but increased at 24 to 48 months. 
 
Figure ‎4.5: The percentage of patients in each stair climbing category across 48 months of follow up 
in the total sample. 
Table ‎4.3 presents the proportion of sub-sample patients in each category of stair climbing ability 
across the follow-up period. The proportion of patients able to climb three flights of stairs increased 
from 22.2% at initial assessment to 72.7% at 18 months and showed a decline to 71.4% at 24 months. 
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Similarly the proportion of individuals with poor function decreased from 77.8% at their initial 
assessment to 27.3% at 18 months; however, an increase at 24 months is shown (28.6%). In a second 
analysis, the four categories have been collapsed into two groups: ≤1 flight, and ≥3 flights. This total 
samples data are displayed in Figure ‎4.6. 
 
Table ‎4.3: The percentage of sub-sample patients (n=63) in each stair climbing ability category. 
Functional stair climbing 
status  
Initial 
assessment 
(n=63) 
12 month 
follow-up 
(n=21) 
18 month 
follow-up 
(n=33) 
24 month 
follow-up 
(n=63)  
½ a flight 15.9% (10) 4.8% (1) 9.1% (3) 3.2% (2) 
1 flight  61.9% (39) 33.3% (7) 18.2% (6) 25.4% (16) 
≥3 flights 22.2% (14) 61.9% (13) 72.7% (24) 71.4% (45) 
KEY: n: number of patients. 
 
 
 
Figure ‎4.6: The percentage of patients able to climb at least one or at least three flights of stairs across 
48 months of follow-up in the total sample. 
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Twelve co-morbidities were reported on the NBSR database pre-surgery. Of the 233 patients with 
data before surgery 14.9% had six to nine co-morbidities, 62.6% of patients had three to five and only 
22.8% of patients had two or fewer. When examining prevalence of co-morbidities by age group (≤40 
years, 41-60 years and ≥61 years), a significant difference was shown between patients ≤40 years and 
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41-60 years in the sum of co-morbidities upon initial consultation (f(3, 232) = 7.031; p = 0.001). The 
mean sum of co-morbidities increased with age: patients ≤40 years (n=71) had 3.2 ± 1.5 co-
morbidities, patients between 41-60 years (n=146) had 4.1 ± 1.7 and individuals ≥61years (n=16) had 
4.3 ± 1.7. No gender or surgery type differences were found for the sum of pre-operative co-
morbidities. 
Of the 12 co-morbidities recorded before surgery, eight were followed up post-surgery. The 
percentage of patients that had co-morbidities pre and post-surgery are displayed in Table ‎4.4. Before 
surgery the most prevalent co-morbidities amongst the total patient cohort were arthritis (63.7%), 
sleep apnoea (39.9%), hypertension (38.2%), GORD (29.6%) and T2DM (27.6%).  The most 
prevalent co-morbidity for males was sleep apnoea (58.9%) and for females it was arthritis (66.1%). 
Gender differences are reported and statistically significant associations are shown for arthritis, sleep 
apnoea, hypertension, T2DM, depression, dyslipidaemia and atherosclerosis, all showing a small to 
medium effect (Table ‎4.4). Male patients had a greater prevalence of sleep apnoea (25.0% higher), 
hypertension (18.0% higher), dyslipidaemia (14.5% higher), T2DM (12.6% higher) and 
atherosclerosis (10.7% higher) than females. For females, arthritis (21.5% higher), depression (17.7% 
higher) and GORD (12.7% higher) prevalence was higher than for males. 
 
Table ‎4.4: Prevalence of co-morbidities pre-surgery and association with gender in the total sample. 
Co-morbidities 
Total sample (%) 
(n=233) 
Male (%) 
(n=56) 
Female (%) 
(n=177) 
p φ 
Arthritis 63.7 44.6 66.1 0.006 0.183 
Sleep apnoea 39.9 58.9 33.9 0.003 0.198 
Hypertension 38.2 53.6 35.6 0.008 0.178 
GORD 29.6 16.1 28.8 0.074 0.125 
T2DM 27.6 37.5 24.9 0.025 0.148 
Depression 23.5 8.9 26.6 0.007 0.182 
Asthma 20.3 12.5 22.6 0.112 0.104 
Dyslipidaemia 17.7 28.6 14.1 0.015 0.160 
Pulmonary embolus 
risk 
6.4 8.9 5.6 0.363 0.057 
Liver disease 5.4 8.9 4 0.159 0.102 
Atherosclerosis 2.6 10.7 0 <0.001 0.289 
PCOS (female only) N/A N/A 12.4 N/A N/A 
KEY: GORD: gastro oesophageal reflux disease; T2DM: type 2 diabetes mellitus; PCOS: polycystic 
ovary syndrome; p: significance level; Φ (Phi) effect size. 
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When comparing pre-operative to post-operative co-morbidity data at each post-operative follow-up, 
resolution was indicated for a small percentage of patients at different time points (Table ‎4.5). The 
lowest percentage of patients with T2DM occurred at 18 month (indicating 7.6% resolution) however 
the lowest percentage of patients with sleep apnoea occurred at 48 months suggesting resolution in 
27.9% of patients. Data are based on those who attended the assessments and these are not the same 
patients at each follow-up. Table ‎4.6 presents the proportion of patients whose co-morbidities 
resolved as a result of bariatric surgery. This also includes gender differences and number of days 
until resolution.  
 
  
 
 
6
0
 
 
 
 
 
 
 Table ‎4.5: The number, percentage and recorded data for co-morbidities pre and post-surgery in the total sample. 
KEY: n: number of patients; rd: recorded data. 
 
Co-morbidities 
Pre-surgery 
(n=233) 
1 month post-
surgery (n=82) 
6 months post-
surgery (n=43) 
12 months 
post-surgery 
(n=62) 
18 months 
post-surgery 
(n=64) 
24 months 
post-surgery 
(n=66) 
36 months 
post-surgery 
(n=25) 
48 months 
post-surgery 
(n=25) 
% n rd % n rd % n rd % n rd % n rd % n rd % n rd % n rd 
T2DM 27.6 64 232 25.0 19 76 24.4 10 41 25.9 15 58 20.0 12 60 27.7 18 65 36.0 9 25 36 9 25 
Hypertension 38.2 89 233 35.1 27 77 31.7 4 41 31.6 18 57 35.0 21 60 33.8 22 65 38.5 10 25 34.6 9 25 
Dyslipidaemia 17.7 41 231 15.6 12 77 8.1 3 37 10.7 6 56 10.0 6 60 7.7 5 65 24.0 6 25 24 6 25 
Sleep apnoea 39.9 93 233 41.8 33 79 29.3 12 41 33.3 19 57 23.3 14 60 29.2 19 65 16.0 4 25 12 3 25 
Asthma 20.3 47 232 15.4 12 78 24.4 10 41 21.1 12 57 26.7 16 60 23.1 15 65 32.0 8 25 32 8 25 
Arthritis 63.7 142 223 50.7 38 75 69.2 27 39 66.1 37 56 57.6 34 59 62.5 40 64 69.6 16 23 65.2 15 23 
GORD 29.6 60 202 18.1 13 72 30.3 10 33 36.5 19 52 29.1 16 55 26.2 16 61 30.0 6 20 30 6 20 
PCOS 
(Females only) 
12.4 21 171 9.3 5 54 35.5 11 31 52.1 25 48 49.0 25 51 64.4 38 59 72.7 16 22 68.2 15 22 
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Table ‎4.6: Co-morbidity resolution for all patients with co-morbidities pre-surgery. 
Co-morbidities Total sample Female Male 
Mean days for 
resolution 
T2DM (n=65) 7 (11%) 3 (7%) 4 (19%) 415  
Hypertension (n=93) 6 (7%) 6 (10%) 0 (0%) 308 
Dyslipidaemia (n=41) 10 (23%) 6 (24%) 4 (25%) 599 
Sleep apnoea (n=93) 30 (32%) 22 (37%) 8 (24%) 449 
Arthritis (n=142) 20 (14%) 18 (15%) 2 (8%) 311 
GORD (n=60) 14 (23%) 10 (20%) 4 (44%) 184 
KEY: GORD: gastro oesophageal reflux disease; T2DM: type 2 diabetes mellitus. 
 
 
In the sub-sample the most prevalent co-morbidities pre-surgery were arthritis (68.3%), sleep apnoea 
(46.0%), hypertension (33.3%) and T2DM (30.6%), thus matching the total sample. When exploring 
the co-morbidity associations with gender in the gastric band subsample only sleep apnoea 
(X
2 
(1, n=63) =5.253, p=0.022) and atherosclerosis were significantly associated (X
2 
(1, n=63) = 8.946, 
p=0.003).  At 24 months, three of the most prevalent co-morbidities were reduced in frequency: 
arthritis by 5.7%, sleep apnoea by 14.9%, and T2DM by 3.2%; hypertension showed little change. 
The sub-sample’s co-morbidity data are described in Table  4.7.  
 
Table  4.7: Prevalence of co-morbidities pre-surgery and 24 months post-surgery in the sub-sample. 
Co-morbidities 
Pre-surgery 24 months post-surgery 
% n Missing data % n Missing data 
T2DM 30.6 19 1 28.6 18 0 
Hypertension 33.3 21 0 34.9 22 0 
Dyslipidaemia 9.5 6 0 7.9 5 0 
Sleep apnoea 46.0 29 0 28.6 18 0 
Asthma 28.6 18 0 23.8 15 0 
Arthritis 68.3 43 0 63.9 39 1 
GORD 24.1 14 5 27.1 16 4 
KEY: GORD: gastro oesophageal reflux disease; T2DM: type 2 diabetes mellitus; n: number of 
patients. 
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Biochemical results 
Available pathology results were obtained for the patients in the gastric band sub-sample. Of the 63 
patients, blood results were available for 53 (43 females; 10 males), however not all had complete 
data. Mean pre-surgery values are presented in Table ‎4.8 along with normal values for comparison.   
 
Table ‎4.8: Pre-operative blood results for the sub-sample. 
Blood sample Pre-surgery mean ± SD Normal values
157-159
 
HbA1c (%) (n=30) 7.1 ± 2.2 < 6.0 
HbA1c (mmol/mol) (n=29) 53.0 ± 23.9 < 42.0 
Total Calcium (mmol/l) (n=35) 2.3 ± 0.1 2.1 - 2.6 
Cholesterol (mmol/l) (n=35) 4.8 ± 0.7 ≤ 5 
HDL (mmol/l) (n=11) 1.3 ± 0.2 > 1 
LDL (mmol/l) (n=10) 2.4 ± 0.5 ≤ 3 
Triglycerides (mmol/l) (n=16) 1.7 ± 0.7 < 4 
KEY: HDL: high density lipoproteins; LDL: low density lipoproteins. 
 
Post-operative data were only available for total cholesterol (n = 20) and HbA1c (n = 14). Changes 
from baseline are shown in Figure ‎4.7(a) and Figure ‎4.7(b). No significant change in total cholesterol 
was observed (mean increase 0.13 mmol/l). The reduction in HbA1c was statistically significant 
(12.9 mmol/l; t(13) = 2.727; p = 0.017). 
  
 
 
 
 
 
 
a                                                                                    b 
Figure 4.7: Pre and post-operative total cholesterol (a) and HbA1c (b) blood results for gastric band 
patients in the sub-sample. Results are displayed as mean and SD. 
0
10
20
30
40
50
60
70
80
90
100
Pre-surgery Post-surgery
H
b
A
1
C
 (
m
m
o
l/
l)
 
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
Pre-surgery Post-surgery
T
o
ta
l 
C
h
o
le
st
er
o
l 
(m
m
o
l/
l)
 
Chapter Four: Retrospective Cohort  
 
 
 
63 
 
4.4 Discussion 
Data were available from a consecutive cohort of 233 patients undergoing bariatric surgery within a 
five year period. Changes in weight, physical function, and co-morbidity prevalence over four years 
of follow-up were examined. Data from a sub-sample of 63 patients who received gastric banding 
surgery and who had data pre-surgery and at 24 months post-surgery were also included in a separate 
analysis, along with additional blood biomarker analyses. 
4.4.1 Patient characteristics 
Both males and females are referred for bariatric surgery however the percentage of females that 
undergo surgery is significantly greater than males. This is potentially attributed to females being 
more likely than men to identify their weight status accurately and seek professional help
160
. Of the 
233 patient cohort 76% were female patients; this is similar to four large scale studies which report 
that females account for 73% to 81% of all bariatric surgery procedures
47, 161-163
. The mean BMI for 
this cohort was 50kg∙m2 and mean body mass was 140kg. Compared with the NBSR total dataset, 
based on 136 contributing institutions from the UK and Ireland
4
, mean pre-operative BMI in the 
current sample was 1kg∙m2 lower and 2kg∙m2 greater in males and females respectively. The 
equivalent comparisons for body mass indicated that males were 1.4kg lighter, and females were 
5.8kg heavier than the reported national average. 
The mean age of the patients who underwent bariatric surgery at this NHS hospital from September 
2009 to May 2014 was 45 years (16-71); this is similar to the literature
4
. Evidence shows that the 
mean age of individuals undergoing gastric procedures for weight loss increased from 1998 (40 years) 
to 2002 (42 years)
164
. A more recent systematic review of 100,100 patients who underwent bariatric 
surgery between 2002 to 2012 reported a mean age of 45 years
161
. This increase in age is likely 
attributed to the aging population. The type of bariatric surgery procedures patients undergo vary 
depending on the focus and speciality of the provider and the need of the patient
4, 24
. It is important to 
note that Roux-en-Y gastric bypass is a newer procedure at this hospital. Only 14% of the 233 patient 
sample had undergone this procedure compared to 81% who underwent gastric banding procedures. 
Previously, gastric band surgery was the universal procedure undertaken to facilitate weight loss due 
to its minimally invasive nature. Gastric banding was then overtaken by Roux-en-Y gastric bypass 
procedures, and more recently sleeve gastrectomy procedures are undertaken more frequently than 
gastric band surgery
4
.  
4.4.2 Weight loss 
Prior to surgery weight loss is required to demonstrate that individuals are committed and can make 
the appropriate lifestyle adaptations needed for post-operative bariatric surgery success. Pre-operative 
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weight loss has also been associated with fewer complications after surgery
165, 166
. This particular 
hospital provides a multidisciplinary education program for morbid obesity that includes diet and 
physical activity advice which potential bariatric surgery candidates must undertake. This reflects this 
significant decrease in body mass from initial assessment to the day of surgery. Previous research has 
distinguished weight loss patterns and the degree of weight loss expected as a result of bariatric 
surgery, and more specifically for the different surgical procedures undertaken
4, 23
. The degree of 
weight loss differs per surgical procedure; the NBSR reports the degree of %EWL in order of Roux-
en-Y gastric bypass (55-70%), sleeve gastrectomy (55-60%) and gastric banding (45-55%)
4
. The 
current analysis found no gender differences in mean %EWL. The peak %EWL in the current cohort 
was 33.3% occurring at 24 months after surgical intervention. A systematic review by Buchwald et 
al
47
 found the mean %EWL based on 22,094 patients was 61.2% after bariatric surgery, however it is 
unclear at what time point this occurred. The cohort’s mean %EWL pattern exhibited rapid weight 
loss from the day of surgery to six months post-operatively, weight loss then plateaued with %EWL 
peaking at 24 months; weight regain is indicated there after. This is in line with previous research 
indicating that weight regain occurs between 12 and 24 months post-bariatric surgery
23
. 
Roux-en-Y gastric bypass and gastric banding are the main procedures undertaken at this NHS 
hospital; it is well noted that %EWL differs depending on the surgical procedure performed
23, 47
. 
The %EWL has been reported in a large scale review as significantly lower after gastric banding than 
Roux-en-Y gastric bypass, hence reporting a mean %EWL of 47.5% in gastric band patients and 61.6% 
in Roux-en-Y gastric bypass patients
47
. A more recent systematic review by Puzziferri et al
167
 
analysed %EWL from 29 studies which had at least two years of follow-up data. They found that only 
31% of gastric band patients lost more than 50% of their excess weight. When comparing gastric band 
and Roux-en-Y gastric bypass procedures, %EWL after gastric banding was 20.7% lower than the 
65.7% reported in gastric bypass patients
167
. A significant difference was also identified in %EWL 
between gastric band and gastric bypass surgery in the current cohort. Differences were significant at 
six, 12, and 18 months post-surgery; gastric bypass group’s 12-month mean %EWL was 72.3% 
compared to 23.6% post gastric banding surgery. The current results therefore agree with existing 
research, indicating that those who undergo Roux-en-Y gastric bypass have a significantly higher 
post-operative %EWL to those undergoing gastric banding. The total sample’s %EWL was lower than 
the 61.2% reported in previous literature
47. The NBSR’s 2011-2012 report presents the average post-
operative %EWL for the UK and Ireland by surgery type. At 12 months, gastric band 
patients’ %EWL was 36-40% and Roux-en-Y gastric bypass patients’ %EWL was 64-69%. The 
NBSR report therefore also shows greater %EWL after Roux-en-Y gastric bypass when compared to 
gastric banding procedures.  
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A comparison of one year post-operative %EWL induced by Roux-en-Y gastric bypass in the current 
cohort with data from the NBSR report indicates that the current cohort’s result is above average, 
whereas %EWL through gastric banding procedures is below average. It is important to note that the 
sample sizes reported both for the current cohort and the NBSR dataset reduce at latter follow-up time 
points, and is not necessarily the same individuals through follow-up assessments
4, 156
. To see if any 
differences occurred when following up the same patient cohort, a sub-sample analysis was carried 
out on the current dataset.  
Sub-sample 
The sub-sample analysis examined 63 gastric band patients who had %EWL follow-up data at least 24 
months post-operatively to see if results differed to the total sample. Similarly the sub-samples 
mean %EWL was 32.4% and peaked at 24 months post-surgery. All patients in the sub-sample had 
undergone gastric banding surgery alone. When comparing the sub-samples’ %EWL to the 
mean %EWL for gastric band surgery results in the NBSR (43-50%), the results remained lower than 
average two years post-surgery. However, contrary to the research carried out by Sjostrom et al
23
 
which followed up a single sample to 10 years showing weight regain occurred one year after gastric 
band surgery, the NBSR report displays continued weight-loss three years after surgery
4
.  
4.4.3 Co-morbidities 
Previous literature has reported the importance of bariatric surgery in the treatment of obesity related 
co-morbidities because long term resolution of such diseases is cost-effective for the NHS
168
. The 
NBSR report shows that 64% of patients undergoing bariatric surgery have more than three serious 
medical co-morbidities
4
. The current cohort showed 77% of patients presented three or more co-
morbidities upon initial consultation and the older the patient the more co-morbidities were present. 
This highlights the importance of optimising and sustaining co-morbidity resolution and weight loss 
for this hospital. Both the 2009-1010 and 2011-2013 NBSR reports identify arthritis as the most 
common co-morbidity, and atherosclerosis, liver disease and PCOS being the least prevalent
4, 156
. The 
prevalence of co-morbidities varied by gender, with sleep apnoea, hypertension, T2DM, 
dyslipidaemia and atherosclerosis being significantly more common in men. Arthritis and depression 
were significantly more prevalent among female patients. The current cohort reflects the results by the 
NBSR report; the only notable difference was arthritis which was higher in the current cohort.  
Co-morbidity resolution 
Sleep apnoea was the most commonly resolved co-morbidity in this study population. At 12, 24 and 
48 months, 33%, 24% and 12% of patients respectively had sleep apnoea compared with 40% at 
baseline. Schauer et al
169
 found obstructive sleep apnoea resolved in 33% of patients which is similar 
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to that reported at 24 months in this cohort. A significant association between sleep apnoea and 
gender exists with a greater proportion of males having sleep apnoea than females. However, more 
females than males resolved sleep apnoea. Male and females both had a higher prevalence of sleep 
apnoea in the current sample compared with the NBSR reports’ data4. The female resolution rate from 
the current cohort was similar to the females in the NBSR report, whereas male improvement was less.  
A significant association has also been shown between T2DM and gender. Before surgery, 28% of the 
current cohort had T2DM; male prevalence was 13% greater than females. The percentage of patients 
with T2DM remained similar at follow-up, however post-operative resolution was shown in 7% and 
19% of females and males respectively. The NBSR report shows T2DM is present in approximately 
30% of the patients at baseline; this is reduced by 13% at 12 month with a further reduction of 2% at 
24 month follow-ups. Schauer et al
169
 reported resolution or improvements of T2DM in all of the 
post-bariatric surgery patients they evaluated, with total resolution accounting for 83% of Roux-en-Y 
gastric bypass patients. Buchwald et al
47
 reported 77% experienced total resolution regardless of 
surgery type although mean resolution after gastric band surgery was 48%. It is however unclear at 
what post-operative time point resolution occurred. Resolution is dependent on pre-operative T2DM 
duration; the longer an individual has had T2DM the slower the rate of resolution
169
. It has been 
suggested that diabetes reversal is reliant on the improvement of skeletal muscle insulin sensitivity
170
.  
It is well known that weight loss initiated through bariatric surgery results in large improvements in 
insulin sensitivity, although this can be facilitated by implementing post-operative exercise
171, 172
. The 
data in the current study only shows percentage resolution, however analysis also demonstrated a 
significant improvement in post-operative HbA1c. HbA1c is a simple and reliable marker of insulin 
sensitivity
173
 and this may therefore indicate that further individuals had improvements in glucose 
control in addition to those who experienced resolution of T2DM. 
Dyslipidaemia was present in 18% of patients before undergoing bariatric surgery (29% of males and 
14% of females). This reduced to 7% of the total sample 24 months after surgery. The NBSR report 
shows 24% of the bariatric surgery patients had dyslipidaemia pre-surgery reducing to approximately 
12% at 12 months and 10% at 24 months post-surgery. The NBSR report shows that males and 
females both significantly improve dyslipidaemia rates between baseline to 12 and 24 months post-
operatively. A large systematic review found lipid profile improved in 70% of patients post-surgery
47
. 
When looking at resolution in the current cohort, for the males and females that resolved, resolution 
occurred at a mean duration of 20 months. Fewer patients resolved in the current cohort compared to 
the NBSR report data
4
, potentially due to the fact that less of the current cohort had dyslipidaemia 
pre-surgery. Research shows that weight loss induced by Roux-en-Y gastric bypass improves lipid 
profile and males reportedly show a superior lipid profile than females after surgery
174
. The current 
study found no statistically significant change in cholesterol from pre to post-surgery in the 
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individuals with available bloods. However, just under a quarter of patients with dyslipidaemia 
resolved as a result of bariatric surgery. 
Arthritis was the most prevalent co-morbidity affecting 64% of patients at baseline; prevalence was 
higher in females (66%) than males (45%). The pattern of patients presenting arthritis at follow-up 
remained similar; 15% of females symptoms resolved as did 8% of males. Research suggests weight 
loss induced by bariatric surgery improves knee pain, physical function and stiffness associated with 
osteoarthritis
51, 175
. Weight loss induced by bariatric surgery has also shown lower disease activity and 
lowered medications in rheumatoid arthritis
176
. Improved physical activity has also been suggested to 
contribute towards these improvements in both osteoarthritis and rheumatoid arthritis
51, 176
. The NBSR 
report does not include arthritis follow-up after bariatric surgery, presumably because the likelihood 
of arthritis resolving is very low. However the symptoms associated with arthritis are likely to 
improve, depending on the severity of the arthritis
51
. The large proportion of patients with arthritis is 
likely to contribute alongside obesity to the high proportion of individuals with poor functional status 
before surgery in this cohort.  
Sub-sample 
The sub-sample results generally supported the overall findings. The three most common pre-
operative co-morbidities in the gastric band sub-sample remained the same as for the total sample 
(arthritis, sleep apnoea and hypertension). When comparing their co-morbidities at baseline versus 
their co-morbidities at a 24 month follow-up, an improvement of ≥15% occurred for sleep apnoea, 
between 3% and 5% for arthritis, asthma and GORD, between 1% and 2% for T2DM and 
dyslipidaemia. The percentage of individuals presenting hypertension increased by 1.6%. Resolution 
of co-morbidities is less prevalent in individuals who have undergone gastric banding surgery because 
weight loss is less than is induced by other bariatric surgery techniques
177
. The NBSR report shows 
the main improvements in co-morbidity resolution occur in the first year after surgery with minimal 
improvements to 24 months
4
. In the total sample, mean resolution occurred within one year for 
hypertension, arthritis and GORD. Resolution for T2DM, dyslipidaemia and sleep apnoea occurred 
between one and two years, thus supporting that of the NBSR report. 
4.4.4 Physical function 
The importance of obesity’s impact on physical function is often overlooked with the focus 
predominantly on weight loss and the resolution of obesity related diseases
94
. Physical function is 
compromised in obese individuals; the ability to undertake basic tasks of daily living such as walking, 
stair climbing and the transition from sitting to standing is impaired which negatively affects quality 
of life
94, 96
. The NBSR records self-reported stair climbing ability as an indicator of the patients’ 
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physical function. Poor physical function is reported in approximately 72% of all patients in the UK 
and Ireland (NBSR report) undergoing bariatric surgery. Poor physical function is defined in the 
NBSR report as the inability to climb three flights of stairs or more without resting
4
. Poor pre-
operative physical function in the current sample was evident in 74.2% of patients of which 2.1% 
were bed/chair bound, 10.3% could climb half a flight of stairs and 61.8% could only manage one 
flight of stairs. Excess body weight is likely to influence this because the higher an individual’s BMI 
the more likely their physical function will be inhibited
4, 178
. The percentage of individuals in the 
current cohort with poor physical function was 2% more than the average reported in the NBSR report; 
this may reflect the cohorts slightly higher pre-operative mean BMI. 
Follow-up data from the current cohort showed considerable improvements in functional stair 
climbing ability. Improvements were seen at the one month follow-up. At six months no individuals 
reported being chair/bed bound, and from the six month follow-up onwards, less than 40% of 
individuals were classified as having poor physical function. Previous literature has reported that 
improvements in physical function can be seen as early as three weeks after undergoing bariatric 
surgery
103
. The NBSR report states that 12 and 24 months after surgery, approximately 74% and 75% 
of patients had normal functional status respectively
4
. The total sample analysis showed the 
proportion of patients of normal functional status peaked at 18 months with 75% of patients being 
able to climb three flights of stairs or more. At 24 months post-surgery the proportion of patients able 
to climb ≥3 flights decreased by 3% and decreased further by 36 months to 8%.  
A previous study investigating objective physical function (short physical performance battery) as a 
result of bariatric surgery reported a small improvement in physical function three weeks post-
operatively. However, continued improvements occurred at three, six and 12 months post-
operatively
103
. This supports the continued improvements shown to 12 months in the current cohort. 
However, no previous studies have monitored physical function beyond 24 months post-surgery, so it 
is unknown when these physical function improvements slow or decline. Overall the results in the 
current analysis concur with current literature and the post-operative data reported in the NBSR report.  
Sub-sample 
The sub-sample’s physical function remained similar to the total sample; the percentage of patients 
with poor physical function reduced by 65% within 24 months. However, when comparing pre-
operative functional status specifically in gastric band patients to the NBSR report, there is a clear 
difference, with an 18% higher prevalence of poor physical function in the study sub-sample. One 
explanation for this may be the relatively high prevalence of arthritis and higher BMI in female 
participants compared with NBSR report. Obesity is a risk factor for arthritis; individuals who have 
arthritis and are classified as overweight are reported as physically inactive and experience loss of 
physical function
179, 180
.  
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4.4.5 Cost-effectiveness 
Publically funded bariatric surgery procedures according to the NBSR report, account for 76% of all 
procedures
4
. In the current analysis, 88% of procedures were publically funded. Previous literature has 
reported the importance of bariatric surgery in the treatment of obesity related co-morbidities as long 
term resolution of such diseases confers a greater cost saving for the NHS
153
. Bariatric surgery is 
reportedly more cost effective than alternative non-surgical treatments and can potentially pay for 
itself within a few years by reducing medical costs
153, 181
. Both gastric band and Roux-en-Y gastric 
bypass have been found to be cost effective
177
. In a study looking at newly diagnosed patients with 
T2DM after gastric banding or gastric bypass surgery, bypass was reported as less costly than 
banding
177
. Bypass led to greater diabetes remission, larger weight loss and larger improvements in 
quality of life, indicating it could be the best surgical method to ensure cost-effectiveness long term
177
. 
This therefore highlights the importance of resolving disease permanently and sustaining and 
maintaining the positive outcomes associated with bariatric surgery to ensure cost-effectiveness. The 
lower than average resolution in the current cohort in the majority of co-morbidities explains the 
recent increase in Roux-en-Y gastric bypass procedures and decrease in gastric band procedures being 
undertaken at this hospital. 
4.4.6 Advantages and disadvantages of secondary datasets 
The main advantage of using this secondary dataset was the breadth of the routinely collected data 
available. An individual researcher could not typically collect routine NHS data representative of a 
full bariatric surgery sample. Alongside the main advantages of using such secondary datasets, it must 
be noted that there are also disadvantages. Over the years of data collection practices and the 
clinicians obtaining measurements could have changed. Weight, co-morbidity and functional status at 
the latter follow-ups could just reflect those still attending. The reasons for loss of patients to follow-
up cannot be determined and could be attributed to different factors. Such factors could include 
patients believing they no longer need monitoring as they feel the surgery has been successful, 
individuals having difficulties post-operatively embarrassed to return or not understanding the 
importance of post-operative follow up appointments.  
4.4.7 Strengths and limitations 
The main strength of this study relates to the authenticity of the dataset, since it represents 
measurements taken during routine NHS care in an entire patient population. In contrast, many studies 
rely on recruiting a sample of participants that may not always be representative of the wider 
population. The wealth of data available over four years of follow-up enabled a detailed examination 
of the pattern of change in important clinical outcomes. In particular, the stages of weight loss, and 
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comorbidity resolution could be delineated, as well as the point of weight regain and functional 
decline. The study included the analysis of a patient subsample who attended both pre and 24 months 
post-surgery to support outcomes. 
The limitations to this retrospective data analysis are that there are only two types of bariatric surgery 
undertaken at this NHS hospital, with Roux-en-Y gastric bypass being a newer procedure. This meant 
there were limited follow-up data for this surgical procedure. Follow-up appointments on the NBSR 
database were reported by date, hence were converted to follow-up time points for analysis. Dates that 
deviated from specified time points were aligned with the closest one for analysis purposes therefore 
this possibly could have affected the accuracy of follow-up patterns. The small number of patients at 
some follow-up assessments is also a limitation as it may show some bias in attendance, hence the 
inclusion of the sub-sample analysis. It must be noted that resolution of co-morbidities are recorded 
on the NBSR database based on follow-up attendance; firstly if patients did not attend their follow-up, 
resolution would not be noted. Further to this, as the data reported is based on disease status at the 
time of follow-up, it could give an indication of when the co-morbidities resolved rather than specific 
dates. Finally the measurement of physical function used is rudimentary, and relies on self-report. 
4.5 Conclusion 
The current retrospective cohort indicates improvements in body weight, physical function and co-
morbidities as a result of bariatric surgery. Weight loss occurred regardless of the type of surgery 
undertaken, nonetheless weight loss patterns indicate weight regain by 24 months post-surgery. 
Resolution was indicated in all reported co-morbidities with sleep apnoea showing the highest rate of 
patient resolution. The greatest proportion of patients with normal physical function after surgery was 
indicated in the 233 patient cohort at 18 months; this proportion of patient’s reduced thereafter. It is 
important that regardless of surgery type, the physical function improvements shown at 18 months are 
maintained and weight regain after 24 months is prevented. These results along with the literature 
therefore highlight the need for exercise interventions 12 to 24 months post-surgery to optimise these 
outcomes. 
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     Chapter Five 
 
The effects of supervised exercise training 12-24 months after bariatric 
surgery on physical function and body composition: a randomised 
controlled trial (The MOTION Study) 
 
Chapter Overview 
This chapter reports a randomised controlled trial assessing the effectiveness of a post-operative 
supervised and structured exercise intervention implemented at 12 to 24 months post-surgery: the 
typical point of weight regain. The intervention involved three supervised 60-minute combined 
aerobic and resistance training gym sessions per week for 12 weeks. Control group participants 
received their usual follow-up care. The main outcome was physical function assessed by the 
incremental shuttle walk test. Effects on strength, anthropometric, physical activity, cardiovascular, 
psychological, and biochemical outcomes were also examined. Assessments were performed at three 
months following the intervention, and repeated at six months to examine the maintenance of effects.  
Key findings 
 Functional walking ability in the exercise training group improved by a mean distance of 
112.5 metres at three months, with a greater mean improvement of 143.3 metres at six months. 
The control group showed a significantly lower mean reduction of 32.5 metres at six months. 
 The sit to stand test speed was quicker in the exercise group and slower in the control group at 
both three and six months, with inter-group differences of 4.0 seconds and 4.5 seconds 
respectively. 
 The exercise training group lost weight whilst the control group gained weight showing a 
body mass difference of 3.4kg at three months, which further increased to 5.6kg at six months. 
 The exercise training group had a low drop-out rate (8%), and high adherence to the exercise 
(95%). 
Publications 
The research described in this chapter was presented at the following two international conferences: 
International Society of Behavioral Nutrition and Physical Activity 14
th
 annual meeting (ISBNPA, 
Edinburgh, USA, 2015). 
62
nd
 Annual Meeting of the American College of Sports Medicine (ACSM, San Diego, USA, 2015).  
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5.1 Introduction 
Bariatric surgery is an effective weight-loss intervention for morbidly obese patients and is successful 
in the treatment of obesity and its related diseases
14
. Surgery, combined with long-term lifestyle 
modification is the most effective and sustainable method of weight loss
19
. More research is emerging 
showing evidence of weight regain in patients after bariatric surgery, typically occurring between 12 
and 24 months post-surgery
23, 53
. In addition to weight regain there is a tendency for physical function 
to decline around 18 months, this is supported by the retrospective cohort analysis described in 
chapter four. Weight regain increases the risk of physical function decline which negatively affects an 
individual’s ability to undertake activities of daily living (e.g. walking, stair climbing)94. Weight 
regain also increases the likelihood of obesity related co-morbidities returning
49, 182
. This augments the 
importance of the Royal College of Physicians recommendations and NICE guidelines for tackling 
diet and physical activity behaviours
2, 24
. 
The Royal College of Physicians has stated that MDT services are needed nationwide after bariatric 
surgery to tackle severe and complex obesity
2
. The development of supervised and structured 
interventions increases the likelihood of long term behaviour maintenance
58, 69
. Post-operative lifestyle 
interventions that adopt a combined diet, exercise and behaviour modification approach have proven 
successful in aiding long-term weight maintainence and improving physical function
20, 81
. NICE also 
recommends that follow-up care after bariatric surgery should incorporate physical activity advice and 
support in a two year post-operative care package
24
. These recommendations are encouraging but little 
research exists to support these guidelines. 
No quantifiable physical activity recommendations currently exist for the bariatric population. 
Physical activity post-surgery is associated with increased weight loss and improved physical function; 
currently limited information on post-operative exercise exists 
14, 25, 26, 73, 81
. There are a limited number 
of exercise interventions in bariatric surgery patients, and these are mainly performed within the first 
three to four months post-operatively. A high volume exercise programme undertaken in post-
operative individuals highlighted an improvement in self-reported physical function and a significant 
improvement in VO2 max relative to body mass, when compared to the post-operative control group
84
. 
Stegen et al
89
 identified that improvements in physical fitness (strength, aerobic and functional 
capacity) did not occur with surgery induced weight loss alone (control group). These studies indicate 
the value of introducing exercise in the early post-operative stages, but there remains a lack of 
research on the effect of intervening later when patients are susceptible to regain weight.  
It is well established that during significant weight-loss, FFM loss occurs
183
. Structured exercise can 
ameliorate this reduction in FFM loss, improve cardiovascular function whilst contributing to optimal 
weight loss outcomes
25, 84
. This has been shown in exercise interventions initiated within the first three 
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or four months of surgery, however it does not prevent FFM loss
89
. A non-randomised 10 month 
running intervention by Marchesi et al
90
 showed mean improvements in FFM as a result of exercise 
initiated at a later post-operative phase (one to three years after surgery). The mean improvement in 
FFM as a result of exercise suggests intervening after 12 months is beneficial. Anecdotal reports also 
suggest patients often feel unsupported at this time point, hence the importance of a trial implemented 
at the point of weight regain and physical function decline. All exercise trials initiated after bariatric 
surgery have shown promising results; however, there is a lack of follow-up after completion. 
Therefore the aim of this study was to examine the effect of a structured and supervised exercise 
intervention on physical function and body composition in patients 12-24 months post-bariatric 
surgery. A secondary aim, to also assess the combined effect of a 12 week structured and supervised 
exercise intervention in addition to a generic discharge advice session on physical fitness and activity 
maintenance at 24 weeks. 
5.2 Methods 
5.2.1 Study design 
A single-centre RCT with two parallel arms was performed. Adult patients who were 12-24 months 
post-bariatric surgery were randomised to either supervised exercise training for 12 weeks or to usual 
follow up care. Assessments were performed pre-intervention, post-intervention at 12 weeks, and after 
six months (Figure ‎5.1). Ethical approval was received from the West Midlands NHS research ethics 
committee (Reference: 13/WM/0445(Appendix ‎5.1).  
5.2.2 Participants 
This RCT recruited adult bariatric surgery patients 12 to 24 months after any type of bariatric surgery 
procedure, who remained overweight (BMI of ≥30kg∙m2 or≥ 28kg∙m2 for south Asians5, 9) and were 
classified as inactive (self-report ≤150 minutes MVPA per week82). Participants completed a health 
assessment and treadmill exercise test (Balke protocol) before being deemed healthy to participate in 
moderate intensity exercise by an in house clinician. Volunteers with unstable diabetes, stage II 
hypertension, CVD, pulmonary disease, renal disease, orthopaedic limitations, motor neurone disease 
or who were chair bound were excluded. They were also excluded if their bariatric surgery procedure 
did not fall into the post-operative time frame between 12 and 24 months, if they were classified as 
physically active (self-report >2.5 hours per week)
82
, if they were under the age of 18 years at the 
point of recruitment.  
A sample size calculation suggested that a total of 28 participants were required to detect a difference 
of 50 metres in the incremental shuttle walk test (the main outcome) between the two groups at the 3-
Chapter Five: Randomised Controlled Trial (The MOTION Study)  
 
 
 
74 
 
month assessment point, with 80% power, and a two-sided 0.05 significance level, and a standard 
deviation of 45 metres. A difference of 50 metres is defined as clinically meaningful in a similar 
clinical population
184
. Sedgwick
185
 states that 80% power is generally accepted and this was realistic 
when taking into consideration the difficulty in recruiting in this population. Power would have been 
higher if more patients were available for recruitment. In the absence of data from a bariatric surgery 
sample, these estimates were based on results of a published trial of an exercise intervention in a 
clinical population (men with prostate cancer)
186
. It was anticipated that the current sample would be 
predominantly female, and that this would be reflected in a slightly lower walking performance, and 
greater variability than observed in this study. Hence, it was reasonable to assume a smaller group 
difference, and a higher standard deviation. In order to allow for a 20% drop out rate, 34 participants 
was the recruitment target.  
5.2.3 Recruitment and randomisation 
Patients were recruited from post-operative bariatric surgery lists from the NHS University Hospitals 
of Leicester and Spire Leicester Private Hospital between January 2014 and January 2015. All 
patients who were within 12-24 months of their surgery date were sent invitation letters and reply slip 
signed by their surgeon, along with a participant information booklet (Appendix ‎5.2). Participants 
were asked to return a reply slip in a pre-paid stamped addressed envelope to express whether they 
would be interested in participating or not. This gave permission for the investigator to contact them 
to discuss taking part. To maximise recruitment three recruitment phases were undertaken; if no 
response was received from the first recruitment letter a second letter was sent. Furthermore, private 
patients from Spire in addition to NHS patients were included in recruitment. Upon the successful 
completion of consent, screening and the initial assessment, participants were randomly allocated into 
either the exercise or control group using random number sequencing in concealed brown envelopes. 
The algorithm for randomisation was designed by a statistician using the random permuted-block 
procedure (blocks of 4). The randomisation was performed by an independent researcher, who had no 
other involvement in the study, ensuring adequate allocation concealment; Figure ‎5.1. 
5.2.4 Intervention 
Exercise intervention 
The exercise intervention incorporated three 60 minute gym sessions per week for 12 weeks. Twelve 
week exercise interventions in this population have previously demonstrated positive results, 
informing the decision to select 12 weeks for the exercise interventions duration
84, 87, 91
. Twelve week 
exercise rehabilitation has been included in government guidelines for other clinical populations. The 
current government national service framework for cardiac exercise rehabilitation suggests no less 
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than six weeks supervised exercise rehabilitation
187
. However, typically 12 weeks of exercise 
comprising of at least 3 exercise sessions per week with a minimum of 2 supervised is endorsed. The 
exercise programmes are individualised to meet patients’ needs and should include one education 
session
187
. The MOTION studies gym sessions were hospital based and supervised by a qualified gym 
instructor with the appropriate immediate life support training; this was for safety protocol purposes 
for exercising an ‘at risk’ population. Previous research has reported that supervised exercise leads to 
improved long-term outcomes and adherence to a more active lifestyle
83
. The gym facility was small 
and dedicated specifically to research participants. Equipment available in this facility included 
treadmills, recumbent bikes, upright bikes, rowing ergometers, kettle bells, medicine balls, leg press 
machine, leg extension machine. 
The gym sessions consisted of moderate intensity aerobic and resistance training; this included 5-10 
minute aerobic warm up and cool down, 30-50 minute moderate intensity aerobic training and 5-10 
minutes of resistance exercise. Moderate intensity aerobic exercise was expressed as a percentage of 
maximum heart rate; in the main exercise session this equated to between 64 and 77% (RPE 12-14)
83
. 
Moderate intensity for resistance exercise was expressed as 60% of the participants estimated one-
repetition maximum (1-RM) which equated to approximately 10-12 repetitions
188
. Programmes were 
personalised, specifying durations, resistances, inclines, sets and repetitions. Any limiting factors such 
as hypertension, arthritis, Ménière's disease (disorder affecting hearing and balance), musculoskeletal 
restrictions and medications were taken into consideration when designing the programmes. Due to 
the large variation in patients’ abilities, programmes were designed to meet the individuals’ needs and 
progression expectation varied. However all patients worked at a moderate intensity and were also 
closely monitored throughout. Programme progressions for patients ranged from three to six 
programmes during the 12 weeks of training to ensure progressive overload. Exercise programme 
progression was based on heart rate to ensure patients were consistently working at moderate intensity. 
Blood pressure (pre and post), heart rate (pre, during and post) and attendance was monitored at each 
session throughout the intervention; patients could attend a possible 36 sessions. 
Upon completion of the 12-week structured exercise training programme the participants received a 
standard lifestyle advice session lasting 30 to 60 minutes. This individualised advice session 
represented a typical discharge advice session given to patients in follow up care. Relevant topics 
such as physical activity maintenance, overcoming barriers and goal setting were discussed. In 
addition an optional maintenance exercise programme was provided (e.g. gym continuation). Finally, 
a diet information sheet was provided based on standard post-operative advice that the individuals 
were familiar with from their dietetics appointment (Appendix  5.8). 
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Control group 
During the 12-week intervention period, participants in the control group continued with their usual 
follow up care. After their 12-week assessment the control group also received the discharge advice 
session lasting 30 to 60 minutes. This appointment discussed topics such as overcoming barriers, goal 
setting and physical activity maintenance. An optional example exercise programme and progression 
was offered (e.g. home based walking outside, gym or swimming). The standard diet information 
sheet was also provided. Figure ‎5.1 outlines when these sessions occurred. 
5.2.5 Outcome measures 
All measurements were taken at the pre-intervention assessment (baseline), post-intervention 
assessment (3-months) and at a three month follow-up assessment (6-months) to allow comparisons 
(Figure ‎5.1). 
Physical function measurements 
The primary measure of physical function was the ISWT. The ISWT reflects walking ability, an 
important measure of daily living in these patients. This involved patients walking consecutive 10-
meter shuttles in time with an audible beep that became progressively faster, until they were no longer 
able to maintain that pace. The test has a total of 12 levels lasting one minute each (total distance 
1020 metres). Patients performed a practice ISWT beforehand to minimise the influence of learning 
effects. Participants were asked to walk for as long as possible until reaching test termination criteria 
whilst the assessor recorded the total number of shuttles performed (Appendix  5.3)189, 190. The patient 
remained in the clinical area for at least 15 minutes following the test where measures of blood 
pressure, oxygen saturation, rating of perceived exertion (RPE Borg scale) and breathlessness (the 
modified Borg dyspnoea scale) were taken. Predicted peak VO2 was calculated using the ISWT 
distance (ISWD) and body mass using the following equations: 3.1 + (0.038 x ISWD) = Peak VO2 
(mL/min/kg) and 257 + (0.038 x ISWD x body mass) = Peak VO2 (mL/min)
191
. Although the ISWT is 
not validated in a bariatric surgery patient cohort, a systematic review has reported the ISWT as a 
valid and reliable test to assess maximal exercise capacity in clinical populations
192
. The ISWT has 
been validated against VO2 max and VO2 peak in clinical populations
192, 193
. A linear relationship is 
reported between functional capacity and the number of shuttles completed in a clinical population
193
. 
This test of physical function was selected as it reflects activities essential for daily living. 
Left and right hand grip strength were measured using the Takei A5001 Analogue Hand Grip 
Dynamometer. Participants stood with their arms down by their sides with a slight bend at the elbow 
and were directed to squeeze the dynamometer with as much force as possible. A pause of 10-20 
seconds occurred between repetitions; the protocol was repeated three times on both sides. The five 
Chapter Five: Randomised Controlled Trial (The MOTION Study)  
 
 
 
77 
 
times STS test was used to measure functional lower limb muscle strength. Participants started seated 
with their arms folded across their chest, they were then instructed to stand up and sit down five times 
as quickly as they could upon the command of ‘Go’. The testing chair remained at a consistent height 
throughout the intervention (47 cm). 
Anthropometric measurements 
Body composition outcomes (FM, FFM, body fat% and body mass) were measured using bioelectrical 
impedance (Tanita Scales BC-418-MA [Tanita Corporation, Japan]). A method which has been 
validated in obesity
194
. Although not as accurate as alternative methods such as dual-energy X-ray 
absorptiometry (DXA), bioelectrical impedance is shown to have high validity and reliability in 
normal to severe obesity
194
. Participants were instructed to stand bare footed on the metal foot plates 
whilst simultaneously holding onto the hand plates and remain still until the measurement was 
confirmed. Body mass and stretch stature were measured to calculate BMI. Other anthropometric 
measurements were obtained using the International Society for the Advancement of 
Kinanthropometry accredited methods ensuring consistency and were repeated for precision. Waist 
(approximately 1cm above the iliac crest) and hip (widest area around the gluteus maximus) 
circumferences were recorded and waist:hip ratio (WHR) was calculated. These measurements were 
included as an indicator of abdominal obesity
195
. 
Cardiovascular measurements 
Cardiovascular measurements included blood pressure using the Omron M7 Digital Intellisense Upper 
Arm Cuff Blood Pressure Monitor (Omron Corporation, Kyoto, Japan). Patients were seated with 
their left arm supported whilst the measurement was taken. Blood pressure was taken three times; the 
first measurement was discarded and a mean of the following two measurements was reported
196
. 
Oxygen saturation and resting heart rate were measured using the Contec Full-Colour OLED USB 
Finger Pulse Oximeter & Heart Rate Monitor (CONTEC DTx Inc, Melbourne, FL, USA). The 
participant was instructed to sit down and when the participant was well rested the oxygen saturation 
and resting heart rate measurements were obtained. 
Physical activity measurements 
Objective physical activity was measured using the ActiGraph GT3X+ accelerometer (ActiGraph, 
Pensacola, FL, USA). The GT3X+ assessed accelerations in the vertical, anterio-posterior and medio-
lateral axes. Participants wore the GT3X+ on an elastic waist belt and positioned it in line with the 
auxiliary line of the right iliac crest. Participants were instructed to wear the accelerometer for seven 
days from the moment they woke up until they went to bed at night, only removing it for water-based 
activities such as showering and swimming. This is a validated method of measuring physical activity 
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with high inter-instrument reliability (0.97 ICC; p < 0.001)197, 198. The Freedson adult 1998 cut points 
were used to determine physical activity intensity as they are currently the most widely used adult cut 
points 
199
. The accelerometer measured stationary time which included standing and sitting (< 100 
counts), light activity (100 to 1951), MVPA (>1951) and step count. Data were included if it showed 
four valid days; a valid day was wear time of 10 waking hours. 
Self-reported physical activity was measured using the short form IPAQ (Appendix ‎5.4); a seven day 
recall measure to assess weekly physical activity and daily sitting time. To ascertain total weekly 
physical activity, the IPAQ questionnaire asks for the duration and intensity of different physical 
activities performed (vigorous, moderate and walking activities) and how many days per week such 
activity was executed. MET minutes per week were derived using the walking, moderate and vigorous 
MET values. The MET values of 3.3 (walking), 4.0 (moderate) and 8.0 (vigorous) METS were 
applied to each patient’s reported durations. The IPAQ-short form is validated and has demonstrated 
fair to moderate associations with accelerometer measures
86, 200
. 
Biochemical measurements 
Venous blood samples were obtained by a study nurse for cholesterol, HDL, LDL, triglycerides, 
cholesterol:HDL ratio and non-fasting HbA1c. The standard NHS protocol for taking venous bloods 
was followed. Samples were measured in the pathology laboratories of Leicester Hospitals NHS Trust, 
UK. 
Psychological measurements 
Psychological parameters measured included Self-Efficacy to Regulate Physical Activity (SERPA)
201
 
and the Hospital Anxiety and Depression Scale (HADS)
202, 203
. SERPA is an 18 item questionnaire 
which asks individuals to rate their degree of confidence to perform their exercise routine regularly on 
a scale from 0 to 100. The results are reported as an average out of 100 to reflect the individual’s 
confidence (Appendix ‎5.5)201. HADS is a validated scale comprising of 14 statements of which seven 
relate to anxiety and seven relate to depression (Appendix ‎5.6)204. Each statement has an option of 
four responses scored from 0-3. Upon completion the scores selected are totalled and reported for 
anxiety and depression individually
204
. 
Dietary measurement 
The 24 hour food recall was delivered via a structured interview; the investigator asked the participant 
to recall all foods and drinks they consumed the previous day whilst prompting for food quantities and 
portion sizes. All 24 hour food recalls were manually entered into and analysed using NetWisp 
Version 4.0 (Tinuviel Software, Warrington, UK) software to estimate total daily calorific intake on 
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kilocalories (Kcal) (Appendix ‎5.7). The 24 hour food recall is reported as a validated method of 
assessing calorie intake
205, 206
. 
 
 
 
Figure ‎5.1: Study flow diagram. 
Patient identification  
(Bariatric surgery hospitals lists of post-operative patients) 
Telephone screening  
(Once a reply slip was received with permission to get in touch a 
preliminary telephone screening was undertaken and visit one booked) 
Visit 1 
Informed consent & study screening (Health history, physical 
examination, a resting ECG and an exercising ECG were undertaken). 
Visit 1 
 Pre-intervention assessment  
 
Exclusion 
Invitation  
(Invitation, participant information sheet and reply slip sent to eligible 
patients by direct care team) 
 
Random allocation to group  
Exercise group Control group 
Visit 2 
Part A: 3-month assessment  
Part B: A one to one advice session  
 
Visit 38 
Part A: 3-month assessment  
Part B: A one to one advice session  
Visit 39 
6 month assessment 
Visit 3 
6 month assessment  
Visit 2 to 37 
 12 week supervised and structured exercise 
programme 
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5.2.6 Data analysis 
Primary analysis used an intention to treat (ITT) protocol to include all participants who were 
randomised, using the last observation carried forward method for missing data
207
. For example, 
missing 3-month data was replaced with the value at baseline and missing 6-month data was replaced 
with the value at three months. This assumes that the people lost to follow up did not change their 
physical activity behaviour after they were lost; this is a reasonable assumption for the study 
population. If baseline data was missing, follow up data was not included in the analysis. Secondary 
analysis was as per protocol (APP); this analysis only analysed the outcome measurements available.  
A descriptive exploratory analysis of all change data (baseline to 3-months and baseline to 6-months) 
was completed checking parametric assumptions using SPSS (IBM Corp, version 20, Armonk, NY, 
USA). The alpha level was set at p ≤ 0.05 to indicate any significant differences between measures. 
Change differences between each arm were identified using an independent t-test. Change differences 
for objectively measured physical activity between each arm were determined using an ANCOVA 
controlling for accelerometer wear time respectively. The magnitude of an effect has been reported 
using the Cohen’s d statistic. An effect size calculator (The Campbell Collaboration208) was used to 
compute means, SDs and sample size to determine the effect size. A small effect is classified as  0.2, a 
medium effect is 0.5 and a large effect is 0.8
209
. 
5.3 Results 
5.3.1 Participant characteristics 
Of 115 patients initially invited, 50% responded, 47 expressed interest and were screened for trial 
eligibility. Of the patients screened 49% were not eligible or changed their mind. When breaking 
down the rate of patients not eligible, 30% did not meet the study criteria for reasons such as a BMI of 
<30kg∙m2 (n=11), pregnant (n=1), <12 months post-bariatric surgery (n=1), or diagnosed and 
medically treated CVD (n=1). Exclusion on assessment accounted for 2% as a result of an abnormal 
exercising ECG. Two patients (4%) wanted to take part but had moved away from the area (too far to 
attend regularly). Finally 13% changed their mind after showing initial interest. 
A total of 24 patients (21% of invited) met study criteria and consented to be randomised. Three 
discontinued before the end of the trial. (Figure  5.2). All 24 participants were included in the ITT 
analysis and APP sub analyses were based on the 21 completers (88% retention rate). The 24 
randomised participants were aged 48.4 ± 8.9 years and had a mean pre-operative body mass of 136.3 
± 18.7 kg. Upon randomisation for The MOTION Study their mean body mass was 106.8 ± 16.7 kg; 
this is equivalent to a mean BMI of 39.0 ± 5.2 kg∙m2. Of a possible 36 gym sessions, the exercise 
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group completers attended a mean of 34.2 ± 2.5 sessions; this accounted for 95% adherence. No 
adverse events or injuries were recorded throughout the exercise intervention. 
Participants were randomly allocated to either the exercise group (males = 2; females = 10) or control 
group (males = 2; females = 10). Their mean post-operative status (the post-operative time point in 
months) in which they enrolled upon this study was 19.3 ± 5.4 months. Baseline data are presented as 
mean ± SD (Table  5.1).  
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Figure 5.2: The CONSORT diagram showing the flow of participants through each stage of the 
randomised trial. 
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Table ‎5.1: Participants’ baseline characteristics by arm. 
Characteristic Exercise Group Control Group 
Women 91.7 % 91.7 % 
Men 8.3% 8.3% 
Roux-en-Y gastric bypass 33% 33% 
Sleeve gastrectomy 58% 67% 
Gastric band 8% N/A 
Age (years) 44.3 ± 7.9 52.4 ± 8.1 
Body Mass(kg) 106.5 ± 16.4 106.0 ± 17.5 
Height (cm) 167.1 ± 7.1 163.8 ± 9.5 
Body Mass Index (kg/m
2
) 38.2 ± 6.1 39.4 ± 4.3 
Body fat (%) 42.0 ± 7.3 45.2 ± 6.0 
Fat Mass (kg) 45.2 ± 12.9 47.9 ± 10.0 
Fat Free Mass (kg) 61.2 ± 9.3 58.1 ± 12.4 
Systolic Blood Pressure (mmHg) 121.9 ± 16.4 120.4 ± 10.9 
Diastolic Blood Pressure (mmHg) 80.8 ± 6.9 78.4 ± 7.7 
Incremental Shuttle Walk Test (m) 325.0 ± 117.3 355.0 ± 80.6 
Right Hand Grip Strength (kg) 27.5 ± 8.7 28.5 ± 9.6 
Left Hand Grip Strength (kg) 27.6 ± 12.5 28.5 ± 9.6 
Hip Circumference (cm) 131.0 ± 13.2 135.6 ± 11.5 
Waist Circumference (cm) 118.2 ± 11.9 121.1 ± 12.3 
Waist to Hip Ratio 0.9 ± 0.1 0.9 ± 0.1 
Oxygen Saturation (%) 97.9 ± 0.8 97.3 ± 1.1 
5 x Seat to Stand Test (sec) 13.7 ± 6.8 12.2 ± 2.9 
Resting Heart Rate (beats per minute) 66.8 ± 9.2 76.0 ± 8.3 
Total Cholesterol (mmol/L) 4.3 ± 0.8 4.5 ± 0.9 
Triglycerides (mmol/L) 1.4 ± 0.4 1.6 ± 0.8 
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Characteristic Exercise Group Control Group 
Low Density Lipoproteins (mmol/L) 2.4 ± 0.7 2.3 ± 0.5 
High Density Lipoproteins (mmol/L) 1.3 ± 0.2 1.5 ± 0.4 
Cholesterol:HDL Ratio 3.5 ± 0.6 3.2 ± 0.8 
HBA1c (%) 5.2 ± 0.2 5.6 ± 1.0 
HBA1c (mmol/L) 33.2 ± 2.3 37.8 ± 10.5 
Anxiety score 6.6 ± 4.6 5.5 ± 3.8 
Depression score 2.4 ± 4.2 2.4 ± 3.3 
SERPA score Average 50.4 ± 21.6 37.9 ± 23.5 
IPAQ (MET-min/week) 3952.3 ± 4924.1 2059.6 ± 3070.2 
Daily sitting time (min) 262.5 ± 134.8 310.0 ± 158.9 
Calorific intake (kcal) 1713.6 ± 527.7 1559.8 ± 361.1 
Stationary time (min/day) 559.6 ± 94.7 531.1 ± 131.4 
Light activity (min/day) 304.5 ± 77.2 320.0 ± 91.2 
MVPA (min/day) 28.3 ± 24.0 29.7 ±18.6 
Step count (steps per day) 6379.4 ± 3316.0 5737.2 ± 1749.4 
KEY: kg: kilograms; cm: centimetres; kg/m
2
: kilograms per metre squared; mmHg: millimetres of 
mercury; mmol/L: millimole per litre; min: minutes; kcal: kilocalories; m: metres; N/A: not applicable
Table 5.1: Continued 
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5.3.2 Physical function measurements 
Table  5.2 displays the physical function change data between baseline and three and six months by 
intervention group. The functional measurements include the ISWT, grip strength, STS test and 
predicted peak VO2. 
Incremental shuttle walk test 
The ITT analysis displayed a significant difference with a very large effect in the primary outcome 
(ISWT) between groups for baseline (exercise: 325.00 ± 117.28 m; control: 355.00 ± 80.62 m) to 3-
month change (t(22)= 5.820, p<0.001, d=2.38). The exercise training group showed a mean 
improvement of 112.50 ± 66.62 metres, and the control group had a mean reduction of -3.33 ± 17.75 
metres.  
A significant difference with a very large effect was also reported for between group change from 
baseline to six months (t(22)= 5.289, p<0.001, d=2.16). The exercise group recorded an overall mean 
improvement of 143.33 ± 86.59 metres and the control group a reduction of -32.50 ± 75.93 metres. 
This resulted in a 6-month assessment ISWD of 468.3 ± 115.19 metres in the exercise group and 
322.50 ± 102.26 among control participants (Figure  5.3 and Table  5.4). 
 
Figure  5.3: The ISWD in both the exercise training and control arms at baseline, three and six month 
assessments (ITT protocol). 
Peak VO2 calculated from body mass and the ISWD, improved progressively in the exercise group 
from baseline (1539.28 ± 440.49 mL/min) to six months (1822.22 ± 385.39 mL/min). The control 
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groups peak VO2 decreased progressively, decreasing by 100.67 ± 318.61 mL/min at six months. 
Table  5.2 presents the change data and between group statistical analyses. 
The APP data analysis indicated greater differences which favoured the intervention arm. APP results 
are presented in Appendix ‎5.9. A statistically significant difference in the ISWT between-group 
change from baseline (exercise 314.00 ± 117.00 m; control 350.00 ± 67.7 m) to three months 
(exercise 437.27 ± 92.53 m; control 346.00 ± 74.97 m) was reported (t(19)= 6.447, p<0.001, d=2.82). 
The baseline to 6-month change data was also statistically greater in the exercise group (t(18)= 5.411, 
p<0.001, d=2.43). The exercise group recorded a mean improvement of 156.4 ± 77.5 metres, leading 
to a 6-month assessment ISWD of 470.90 ± 120.5 metres. The control group reported a reduction of 
39.0 ± 82.5 metres leading to a 6-month assessment ISWD of 297.8 ± 120.5 metres; Appendix  5.9 and 
Appendix 5.11.  
Grip strength 
Three month right hand grip strength change data was significantly higher in the exercise group than 
the control. A mean improvement of 2.45 ± 4.07kg compared to a mean reduction of 0.91 ± 3.25kg  
respectively (t(22)=2.233, p=0.036, d=0.91) representing a large effect. The left hands 3-month mean 
grip strength improvement was slightly lower than the right (2.09 ± 4.98kg) in the exercise group, as 
was the reduction in the control group (0.58 ± 1.92kg) and there was no significant difference 
between groups. 
At six months, no between group difference was identified for right hand grip strength as both groups 
showed a mean improvement (exercise 2.81 ± 3.72kg; control 0.82 ± 3.68). However, six month 
change showed a statistically significant difference in the left hands grip strength (t(22)=2.755, p=0.012, 
d=1.13) representing a large effect. This was as a result of an improvement of 2.40 ± 3.01kg in the 
exercise group and reduction of 0.48 ± 2.00kg in the control group.  
Sit to stand test 
The STS duration, reported in Table  5.2, at three months improved in the exercise group by 3.81 ± 
4.10 seconds and regressed in the control group by 0.21 ± 2.82 seconds. Therefore, exhibiting a 
statistically significant difference and large effect (t(22)=-2.799, p=0.010, d=1.14) which further 
improved at six months. The exercise groups mean five times STS time at baseline was 13.69± 6.83 
seconds, this improved by 4.22 ± 3.98 seconds at six months, whereas the control groups baseline 
STS time was 12.16 seconds this slowed by 0.23 ± 2.14 seconds (t(22)=-3.411, p=0.003, d=1.39). 
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ITT data are presented as mean ± SD.  
KEY: ISWT: Incremental shuttle walk test; kg: kilograms; mL/min/kg: millilitres of oxygen per minute per kilogram of body weight; mL/min: millilitres of 
oxygen per minute; VO2: volume of oxygen; m: metres; sec: seconds 
Table  5.2: Physical function changes between baseline and three and six months by intervention group. 
Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control p-value Exercise Control p-value 
ISWT (m) 325.0 ± 117.3 355.0 ± 80.6 112.5 ± 66.6 -3.3 ± 17.8 <0.001 143.3 ± 86.6 -32.5 ± 75.9 <0.001 
Right hand grip strength (kg) 27.6 ± 8.7 28.5 ± 9.6 2.5 ± 4.1 -0.9 ± 3.3 0.036 2.8 ± 3.7 0.8 ± 3.7 0.201 
Left hand grip strength (kg) 27.6 ± 12.6 28.5 ± 9.6 2.1 ± 5.0 -0.6 ± 1.9 0.097 2.4 ± 3.0 -0.5 ± 2.0 0.012 
5 x sit to stand test (sec) 13.7 ± 6.8 12.2 ± 2.9 -3.8 ± 4.1 0.2 ± 2.8 0.010 -4.2 ± 4.0 0.2 ± 2.1 0.003 
Peak VO2 (mL/min/kg) 15.5 ± 4.5 16.6 ± 3.1 4.3 ± 2.5 -0.1 ± 0.7 <0.001 5.5 ± 3.3 -1.2 ± 3.0 <0.001 
Peak VO2 (mL/min) 1539.3 ± 440.5 1669.6 ± 330.8 
431.1 ± 
308.5 
4.4 ± 
86.3 
<0.001 
546.3 ± 
345.7 
-100.7 ± 318.6 <0.001 
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5.3.3 Anthropometric measurements 
Table  5.3 presents the anthropometric outcomes change data between baseline and three and six 
months by intervention group. Anthropometric measurements include body mass, BMI, FM, FFM, 
waist circumference, hip circumference and waist to hip ratio.  
Body mass and BMI 
Body mass decreased by a mean of 2.43 ± 3.35kg in the exercise training group from baseline to 3-
months with a larger decrease of 2.70 ± 5.43kg by six months. Whereas the control group displayed 
an increase in body mass of 1.00 ± 1.40kg at three months and a larger increase of 2.93 ± 2.85kg at 
six months. Therefore, the exercise group change data was significantly different to the control group 
at both three months (t(22)=-3.278, p=0.003, d=1.34) and six months (t(22)=-3.179, p=0.004, d=1.30) 
exhibiting a large effect. As reflected by body mass, BMI also had significant between group 
improvements and a very large effect (Table  5.3).  
Fat mass and fat free mass 
Fat mass change also remained significantly different between groups with a large effect at both three 
months (t(22)=-3.573, p=0.002, d=1.46) and six months (t(22)=-2.843, p=0.009, d=1.16). The exercise 
group decreased (2.10 ± 2.58kg) and the control group increased (0.87 ± 1.27kg) in the first three 
months. By six months the control groups mean change increased further (2.12 ± 2.76kg) whereas the 
exercise groups mean change (1.93 ± 4.09kg) was maintained. No statistically signficant difference 
between groups was shown for FFM at three months, although FFM did reduce in the exercise group. 
At six months, FFM reduced further in the exercise training group (0.77 ± 1.67kg), although 
minimally, and increased in the control group (0.84 ± 1.81kg) showing a 1.61kg difference in FFM 
change from baseline to six months. 
Waist and hip circumference 
At three months the control groups mean waist circumference remained similar to baseline, whereas 
the exercise training groups 3-month waist circumference decreased by 7.53 ± 4.64cm, significantly 
smaller than the control group displaying a large effect (t(22)=-1.605, p=0.123, d=1.80). The exercise 
groups mean waist circumference remained smaller than the control group at six months, although the 
mean reduction at six months (3.94 ± 9.14kg) was less than the change at three months.  
Hip circumference again remained similar to baseline in the control group at three and six months. 
The exercise group showed a mean decrease of 6.30 ± 8.55kg from baseline to three months and 7.68 
± 12.50 cm at six months. This improvement meant there was a statistically significant difference of 
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large effect between the groups at three months (t(22)=-2.396, p=0.026, d=0.98), but not at six months 
(Table  5.3). 
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ITT data are presented as mean ± SD.  
KEY: kg: kilograms; BMI: body mass index; %: percentage; FM: fat mass; FFM: fat free mass; cm: centimetres; kg/m
2
: kilograms per metre squared.  
 
Table  5.3: Anthropometric measurement changes between baseline and three and six months by intervention group. 
Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control P-value Exercise Control P-value 
Body Mass (kg) 106.5 ± 16.4 106.0 ± 17.6 -2.4 ± 3.4 1.0 ± 1.4 0.003 -2.7 ± 5.4 2.9 ± 2.9 0.004 
BMI (kg/m
2
) 38.2 ± 6.1 39.4 ± 4.3 -0.9 ± 1.2 0.4 ± 0.5 0.003 -1.0 ± 2.0 1.0 ± 1.0 0.004 
Body fat (%) 42.0 ± 7.3 45.2 ± 6.0 -1.0 ± 1.1 0.3 ± 0.9 0.004 -0.7 ± 1.5 0.6 ± 1.7 0.061 
FM (kg) 45.2 ± 12.9 47.9 ± 10.0 -2.1 ± 2.6 0.9 ± 1.3 0.002 -1.9 ± 4.1 2.1 ± 2.8 0.009 
FFM (kg) 61.2 ± 9.3 58.1 ± 12.4 -0.3 ± 1.4 0.2 ± 1.3 0.391 -0.8 ± 1.7 0.8 ± 1.8 0.034 
Hip Circumference (cm) 131.0 ± 13.2 135.6 ± 11.5 -6.3 ± 8.6 -0.1 ± 2.5 0.026 -7.7 ± 12.5 -0.6 ± 2.1 0.067 
Waist Circumference (cm) 118.2 ± 11.9 121.1 ± 12.3 -7.53 ± 4.6 -0.58 ± 2.9 <0.001 -3.9 ± 9.1 0.5 ± 3.0 0.123 
Waist to Hip Ratio 0.9 ± 0.1 0.9 ± 0.1 -0.0 ± 0.1 0.0 ± 0.0 0.518 0.0 ± 0.2 0.0 ± 0.0 0.648 
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5.3.4 Physical activity measurements 
Table  5.4 displays the physical activity change data between baseline and three and six months by 
intervention group. The physical activity outcomes include stationary time, MVPA, light activity, step 
count, IPAQ daily sitting time and IPAQ total activity. 
Objective physical activity  
The exercise group’s accelerometer data indicated an improvement in physical activity between 
baseline and three months in stationary time, light activity and MVPA. The control group’s 
accelerometer data showed an improvement in stationary time, however time spent in light activity 
and MVPA reduced. The three month mean MVPA change in both groups was statistically significant 
and showed a large effect (f(2,19)=4.788, p=0.043, d=0.98); no other between group significant 
differences occurred. From three to six months all objective parameters in both the exercise and 
control groups decreased. The six month changes in the exercise group’s stationary time and MVPA 
showed improvements compared to baseline values. The control’s baseline to 6-month change 
indicated that both light activity and MVPA levels were lower at six months than at baseline; no 
significant differences occurred between groups. Mean step count increased in the exercise group 
from baseline (6379 ± 3316 steps) to six months (by 243 ± 2358 steps). This was however 381 steps 
less than the mean improvement reported from baseline to three months. The control group improved 
throughout the six months, however no significant differences occurred between groups (Table  5.4). 
Self-reported physical activity  
Self-reported weekly activity was higher in the exercise group compared with the control group at all 
assessments. The exercise group’s three month change for self-reported total weekly activity showed 
the greatest increase of 5429.42 ± 5882.49 MET-min/week, directly after finishing the exercise 
programme. At six months this dropped to an increase of 2743.75 ± 6991.51 MET-min/week showing 
a mean total of 6696.04 MET-min/week at six months. The control group’s self-reported activity also 
increased from baseline to three months (by 3479.29 ± 7828.90 MET-min/week) and subsequently 
this also dropped to an increase of 941.42 ± 2994.92 MET-min/week showing a mean total of 3001.05 
MET-min/week at six months. No significant differences existed between groups and no statistical 
differences were shown for self-reported sitting time (Table  5.4). 
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ITT data are presented as mean ± SD.  
KEY: MVPA: moderate to vigorous physical activity; min/day: minutes per day; IPAQ: international physical activity questionnaire; min: minutes; min/week: 
minutes per week; MET; metabolic equivalents.
Table  5.4: Physical activity changes between baseline and three and six months by intervention group. 
Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control p-value Exercise Control p-value 
Objective measure         
Stationary time (min/day) 559.6 ± 94.7 531.1 ± 131.4 -38.3 ± 100.0 -13.0 ± 69.2 0.562 -15.5 ± 89.4 -5.6 ± 79.5 0.905 
Light activity (min/day) 304.5 ± 77.3 320.1 ± 91.2 0.6 ± 64.0 -4.0 ± 105.3 0.798 -25.6 ± 46.4 -14.8 ± 87.7 0.795 
MVPA (min/day) 28.3 ± 24.0 29.7 ± 18.7 10.5 ± 9.2 -1.5 ± 14.5 0.043 7.5 ± 19.8 -3.4 ± 16.2 0.161 
Step count (steps per day) 6379.4 ± 3316.0 5737.2 ± 1749.4 624.2 ± 1349.6 489.6 ± 1884.6 0.854 242.7 ± 2358.1 530.4 ± 2300.2 0.787 
Self-reported measure         
IPAQ daily sitting time (min) 262.5 ± 134.9 310.0 ± 158.9 -10.0 ± 125.6 17.5 ± 169.0 0.655 67.5 ± 153.0 52.5 ± 156.7 0.815 
IPAQ total activity (MET-
min/week) 
3952.3 ± 4924.1 2059.6 ± 3070.2 5429.4 ± 5882.5 3479.3 ± 7828.9 0.498 2743.8 ± 6991.5 941.4 ± 2994.9 
 
0.421 
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5.3.5 Cardiovascular measurements 
Table  5.5 presents the cardiovascular and biochemical measurement change data between baseline 
and three and six months by intervention group. Cardiovascular measurements include blood pressure, 
oxygen saturation and resting heart rate. Biochemical measurements include HbA1c, cholesterol, LDL, 
HDL, Cholesterol:HDL Ratio and Triglycerides. 
Blood pressure 
Systolic blood pressure was similar in both groups at baseline and showed a significant difference 
between groups at three (t(22)=-2.738, p=0.012, d=1.12) and six months(t(22)=-2.738, p=0.012, d=1.12), 
both showing a large effect. Change in diastolic blood pressure also favoured the exercise group after 
three (t(22)=-3.523, p=0.002, d=1.44) and six months (t(22)=-3.836, p=0.001, d=1.57) again showing a 
large effect (Table  5.5). 
Resting heart rate 
Resting heart rate decreased from baseline to three months in the exercise (11.25 ± 9.04 bpm) and the 
control (2.83 ± 7.52bpm) groups. The mean change significantly differed between groups by 8.42 
bpm with a large effect (t(22)=-2.480, p=0.021, d=1.01). The mean change from baseline to six months 
was lower in the exercise group (5.00 ± 8.79bpm) and greater in the control group (3.42 ± 9.29bpm) 
which reduced the mean change to 1.58 bpm, and no statistical significance occurred (Table  5.5). 
Biochemical results 
Mean non-fasting HbA1c results increased in both groups at three and six months (Table  5.5). 
Analysis of the full lipid profile components exhibited no statistically significant differences between 
the control and exercise groups. The exercise training group exhibited an improvement in all 
parameters at three months. The control group’s total cholesterol, LDL, triglycerides and 
cholesterol:HDL ratio all declined. By six months, values in the control group had declined further for 
total cholesterol, LDL, triglycerides and cholesterol:HDL ratio, yet HDL remained similar throughout. 
At six months the exercise group’s lipid profile remained improved from baseline in all but total 
cholesterol. The mean improvements at six months were less than the change exhibited from baseline 
to three months (Table  5.5). 
. 
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ITT data are presented as mean ± SD.  
KEY: mmHg: millimetres of mercury; %: percentage; bpm: beats per minute; mmol/L: millimoles per litre; HDL: high density lipoproteins; LDL: low density 
lipoproteins; HBA1c: glycated haemoglobin.  
Table  5.5: Changes in cardiovascular measurements and biochemical result between baseline and three and six months by intervention group. 
Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control p-value Exercise Control P-value 
Cardiovascular measures 
Systolic Blood Pressure (mmHg) 121.9 ± 16.4 120.4 ± 10.9 -7.4 ± 11.2 3.7 ± 8.4 0.012 -6.9 ± 9.2 0.4 ± 6.7 0.036 
Diastolic Blood Pressure (mmHg) 80.8 ± 6.9 78.4 ± 7.7 -5.3 ± 5.6 3.3 ± 6.2 0.002 -5.2 ± 5.6 2.7 ± 4.3 0.001 
Oxygen Saturation (%) 97.9 ± 0.8 97.3 ± 1.1 0.6 ± 0.8 0.0 ± 1.0 0.138 0.4 ± 0.8 -0.2 ± 1.1 0.154 
Resting Heart Rate (bpm) 66.8 ± 9.2 76.0 ± 8.3 -11.3 ± 9.0 -2.8 ± 7.5 0.021 -5.0 ± 8.8 -3.4 ± 9.3 0.672 
Biochemical results 
Total Cholesterol (mmol/L) 4.3 ± 0.8 4.5 ± 0.9 -0.1 ± 0.6 0.1 ± 0.5 0.372 0.0 ± 0.5 0.1 ± 0.4 0.719 
Triglycerides (mmol/L) 1.4 ± 0.4 1.6 ± 0.8 -0.2 ± 0.3 0.0 ± 0.8 0.388 -0.1 ± 0.4 0.1 ± 0.7 0.433 
LDL (mmol/L) 2.4 ± 0.8 2.3 ± 0.5 -0.1 ± 0.6 0.1 ± 0.4 0.284 -0.0 ± 0.5 0.2 ± 0.5 0.245 
HDL (mmol/L) 1.3 ± 0.2 1.5 ± 0.5 0.1 ± 0.2 0.0 ± 0.2 0.258 0.1 ± 0.3 0.0 ± 0.2 0.381 
Cholesterol:HDL Ratio 3.5 ± 0.6 3.2 ± 0.8 -0.3 ± 0.5 0.1 ± 0.4 0.034 -0.1 ± 0.6 0.1 ± 0.4 0.243 
HBA1c (%) 5.2 ± 0.2 5.6 ± 1.0 0.0 ± 0.1 0.1 ± 0.2 0.133 0.1 ± 0.2 0.2 ± 0.2 0.307 
HBA1c (mmol/L) 33.2 ± 2.3 37.8 ± 10.5 0.1 ± 1.4 0.9 ± 1.6 0.189 1.6 ± 2.7 2.2 ± 2.0 0.551 
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5.3.6 Psychological measurements 
Table  5.6 displays the psychological measurement change data between baseline and three and six 
months by intervention group. Psychological measurements include SERPA and HADS. 
The exercise group’s self-efficacy was highest at three months showing a mean increase of 20.44 ± 
18.90 points whereas the control group remained the same -0.42 ± 7.91 points, showing a statistically 
significant difference with a large effect between groups (t(22)=3.527, p=0.002, d=1.44). When 
focusing on baseline to six month mean change, the exercise group sustained an increase from 
baseline, however this was lower than the 3-month change (6.05 ± 23.32 points). The control group 
also displayed a mean improvement of 9.04 ± 17.06 points at six months. There was no significant 
difference between the groups in the self-efficacy change at six months. 
Anxiety and depression reduced in the exercise group at three months, yet both increased from three 
to six months. The mean anxiety score at six months does, however, remain -0.75 ± 3.33 lower than 
baseline, whereas the mean depression score at six months was 0.33 ± 3.60 higher than baseline. 
Anxiety also decreases at three months in the control group, however, baseline to six month change 
shows an increase 0.75 ± 4.39. Depression increases at both assessments in the control group, 
increasing from 2.42 ± 4.19 to 4.33 ± 5.12. 
5.3.7 Dietary measurement 
Table  5.6 displays the dietary measurement change data between baseline and three and six months by 
intervention group. The dietary measurement included is the 24 hour food recall. 
Diet was assessed through the 24-hour food recall to check whether calorific intake differed between 
groups. Analysis confirmed no significant change differences occurred between groups at three or six 
months, (Table  5.6). The exercise group’s baseline mean daily calorific intake was 1713.58 ± 527.70 
kcal and the control groups was 1559.83 ± 361.08 kcal. At three months the exercise groups mean 
daily calorific intake was 1809.75 ± 620.93kcal and the controls was 1297.33 ± 325.77 kcal changing 
to 1504.42 ± 475.08kcal and 1712.25 ± 427.26 kcal at six months respectively. 
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ITT data are presented as mean ± SD.  
KEY: SERPA: self-efficacy to regulate physical activity; kcal: kilocalories
Table  5.6: Dietary and psychological measurement changes between baseline and three and six months by intervention group. 
Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control p-value Exercise Control p-value 
Psychological measurements 
Anxiety score 6.6 ± 4.6 5.5 ± 3.8 -1.3 ± 2.9 -0.7 ± 2.9 0.629 -0.8 ± 3.3 0.8 ± 4.4 0.356 
Depression score 2.4 ± 4.2 2.4 ± 3.3 -0.6 ± 3.0 1.0 ± 3.3 0.228 0.3 ± 3.6 1.9 ± 5.9 0.433 
SERPA score average 50.4 ± 21.7 37.9 ± 23.5 20.4 ± 18.9 -0.4 ± 7.9 0.002 6.1 ± 23.3 9.0 ± 17.1 0.724 
Dietary measurement 
Calorific intake (kcal) 
1713.6 ± 
527.7 
1559.8 ± 
361.1 
96.2 ± 
889.9 
-262.5 ± 
376.1 
0.212 
-209.2 ± 
478.5 
152.4 ± 
560.7 
 
0.103 
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5.4 Discussion 
The implementation of exercise after bariatric surgery is suggested to help maintain and optimise 
post-operative outcomes. Previous research in this population has reported that increasing physical 
activity in bariatric surgery patients improves physical function and weight loss maintenance
69
. This is 
the first RCT to initiate supervised and structured exercise initiated at a later post-operative time-
frame when weight regain is more likely. The main findings were significant improvements in 
physical function, anthropometric, cardiovascular, psychological, and physical activity outcomes in 
patients directly after 12 weeks of exercise training compared with the control arm. After a further 3-
month follow up period, the intervention group had maintained an advantage over the control 
participants in physical function, anthropometric, and cardiovascular outcomes.  
5.4.1 Physical function  
Physical functioning relates to the ability to perform basic activities of daily living such as walking, 
stair climbing, and transitioning from sitting to standing. These functional abilities are often limited in 
obese individuals, leading to reductions in HRQoL
94, 154, 210
. Hence exercise training that improves 
physical function is important.  
The increase in the mean ISWD for the exercise group after six months was 143 metres. Minimal 
clinically important improvements for the ISWT in bariatric surgery patients have not been 
established. However, for patients with chronic obstructive pulmonary disease, two levels of 
improvement have been recognised; in terms of perceived exercise tolerance, a minimal clinically 
important improvement of 47.5 metres is reported, and additional benefits are reported at 
improvements of 78.7 metres
184
. The exercise group’s improved distance of 143 metres is more than 
three times the minimally clinical value and nearly double the ISWD reported for additional benefits. 
Hence, notwithstanding the different clinical population being studied, the improvements resulting 
from the intervention can reasonably be regarded as clinically meaningful. Multiple factors could 
have contributed to this increased walking capability. Not only does the nature of the ISWT make it 
difficult to distinguish specific factors, the population being tested and the design of the exercise 
intervention undertaken also contribute. Factors might include a combination of improvements in 
mobility, aerobic fitness, weight loss, physical activity, self-efficacy/motivation, muscle strength and 
endurance. 
This increased walking distance and speed in the exercise group indicate improvements in aerobic 
fitness
72, 88, 89
. The ISWT is a valid field based test of functional capacity as it strongly relates to VO2 
max and the ISWD reportedly correlates with peak VO2
191, 211, 212
. Braun
213
 states cardiovascular 
fitness is developed and maintained when performing exercise 60 to 90% of maximum heart rate, a 
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minimum of three times per week, between 20 and 60 minutes in duration. It is therefore likely that 
participants undertaking three 60-minute moderate intensity gym sessions weekly would show fitness 
improvements. In the current RCT, blood pressure and resting heart rate improvements favouring the 
exercise group could also indicate enhanced fitness
213
. The exercise training groups mean reduction in 
body mass will have likely positively affected the ISWT. A continual improvement in body mass was 
identified from baseline to six months, whilst the control group’s increased body mass would have 
likely contributed to their reduced walking ability. The control group’s body mass increased at every 
assessment from baseline. The mean 5.6kg difference between groups at six months was statistically 
significant and combined with improved fitness and mobility is likely to have contributed to the 179 
metre ISWD difference between groups
102
. Although walking improves as a result of undertaking 
supervised aerobic exercise of three sessions per week for 12 weeks in the early stages post surgery, 
no significant differences were identified between the intervention and control groups
89, 91, 92
. These 
findings suggest that an exercise intervention initiated after peak weight loss is more beneficial for 
improving functional walking ability than an early post-operative intervention. 
Increased self-efficacy may have contributed to both groups walking performance. A meta-analysis by 
Moritz et al
214
 reviewed 45 studies and concluded that a significant relationship exists between self-
efficacy and sports performance. In the current RCT, the mean baseline self-efficacy score was 12.5 
points higher in the exercise group. This between group difference increased significantly favouring 
the exercise group at three months after gym training (33.4 points greater), reflecting the three month 
ISWT performance. The self-efficacy difference between groups reduced markedly at six months to 
9.5 points. At six months the control group’s self-efficacy improved which may be attributed to the 
advice session, whereas the training group’s self-efficacy decreased possibly due to the loss of one-to-
one support from the exercise instructor at the completion of the supervised gym sessions. 
Nonetheless, self-efficacy remained higher than baseline levels. Literature suggests that individuals 
who perceive they are making progress are more likely to want to improve and are motivated to do so 
than those lacking perceived progress
215
. Consequently, improved ISWD could be partly attributed to 
higher self-efficacy, and reduction in ISWD could be attributed to lower self–efficacy and motivation. 
This could be reflected in the current study, specifically the reduced ISWD seen in the control group, 
as most participants did verbally express disappointment when not randomly allocated to the exercise 
group. If self-efficacy in the exercise group had also remained significantly higher than the control 
group at six months, one could confidently suggest self-efficacy and motivation contributed to an 
improved ISWD in this cohort. However, self-efficacy reduced from three to six months in the 
exercise group whilst ISWD improved. Although self-efficacy and motivation could be contributing 
factors, improvement in physical function parameters is likely the biggest contributor. 
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Leg muscle strength has been shown to be associated with walking
216
. An objective measurement 
indicative of functional lower limb muscle strength and mobility is the five times STS test
217
. In this 
study, the STS test duration increased slightly from baseline to six months in the control group 
(baseline 12.2 to 12.4 seconds) and reduced throughout assessments from 13.7 to 9.5 seconds in the 
exercise group. The STS test was therefore performed 4.2 seconds faster at six
218
 months than at 
baseline in the exercise group and when comparing that to a MICD of 1.7 seconds the degree of 
progress is apparent. Huck et al
88
 reported a 44% improvement in the STS from baseline to directly 
after 12 weeks of resistance training. The current cohort displayed a 28% improvement directly after 
12 weeks of combined aerobic and resistance training, which when followed up three months later 
had improved to 31%. This suggests that resistance training may be superior for increasing lower limb 
strength than a combined training programme.  
Grip strength, another indicator of muscle strength and function focusing on the upper body, reported 
a continual right and left hand grip strength increase from baseline to six month assessments in the 
exercise group
219
. Grip strength has been shown to improve as a result of exercise training (combined 
aerobic and resistance training
89
 or resistance training
88
 only) in exercise interventions initiated in the 
first four months after bariatric surgery. However, no statistically significant changes are reported 
between exercise training and control groups
88, 89
. As well as grip strength, Stegen et al
89
 reported that 
likewise the STS and 6MWT did not significantly differ between groups after undergoing combined 
aerobic and resistance training initiated in the first four months post-surgery. This might suggest that 
an exercise intervention initiated 12 to 24 months after surgery may be more beneficial than in the 
early post-operative phase. 
It is clear that multiple factors contribute to physical function parameters (ISWT, STS test and grip 
strength). These functional outcome measures exhibit similar progression patterns in the exercise 
group. The largest mean improvements in the exercise group occur from baseline to three months and 
slower improvements are demonstrated from three to six months. This is supported by previous 
research which reports that the ISWD is strongly correlated with the STS test and grip strength, both 
indicators of muscle strength
220, 221
. It is therefore likely that improvements in muscle strength will 
have contributed to the improved ISWD. The ITT analysis is more conservative than the APP analysis 
which indicates greater improvements (Appendix ‎5.9). The results of The MOTION Study therefore 
suggests that significant improvements in functional capacity and absolute upper and lower body 
muscle strength occur when undertaking supervised and structured exercise. It must be noted that 
incremental improvements are observed through the three assessments; this shows progressions 
continued after the supervised gym phase was completed. Due to the known relationship between 
obesity and reduced physical function, a change in weight loss could have augmented these positive 
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outcomes and is likely to be accountable in combination with reduced self-efficacy for the reduced 
ISWD in the control group.  
5.4.2 Body composition 
The patients that enrolled in this RCT were a mean of 19.3 months post-bariatric surgery; they were 
therefore within the 12 to 24 months where weight regain most commonly occurs
23
. Most of the 
participants self-reported that they were either weight stable or gaining body mass upon commencing 
the trial. Despite physical activity being an important method for optimising surgical outcomes, it can 
sometimes lead to a compensatory response of increased calorific intake
222, 223
. The American Society 
for Metabolic and Bariatric Surgery (ASMBS) has reported that exercise changes body composition, 
increasing FFM which can result in slower body mass loss. They also report the frequency and 
intensity of exercise may affect metabolic rate resulting in weight loss plateaus
223
. As a result of this, 
and of previous exercise intervention research, post-surgery
72, 88, 89, 91, 92
, body mass loss was not 
expected in this trial; the intervention aimed to facilitate the prevention of weight regain. 
Body mass in the exercise group decreased progressively at every assessment. Conversely to this, the 
control group’s body mass increased leading to a statistically significant 6-month mean body mass 
change of 5.4kg between groups from baseline. A 10-month running intervention initiated at a similar 
post-operative time point (1-3 years after bariatric surgery) also showed a significant difference in 
body mass after surgery in the intervention group compared with controls. This 10-month running 
intervention by Marchesi et al
90
 reported a mean loss of 2.2kg∙m2 in the intervention participants 
(n=7), while, a mean reduction of 0.92kg∙m2 (2.43kg) was observed in the current exercise group 
directly after 12 weeks of moderate intensity gym based training. By considering the nature of the 
running intervention, overall improvements and between group-differences were more likely in that 
study. Firstly, they expected participants to perform 30 minutes of continuous running after the three 
months introductory phase; there was no randomisation so participants chose to take part in either the 
running or control group. It is notable that running is a higher impact exercise and participants were 
excluded if they were over 50 years or had a BMI of more than 35kg∙m2. This could inform the design 
of future studies initiated 12 months after bariatric surgery. 
In obese populations, it has been reported that undertaking supervised exercise elicits greater FM 
reductions than non-supervised exercise
224
. In the current intervention FM was significantly different 
between groups after 12 weeks exercise training and after maintenance. The exercise group’s FM 
decreased as a result of the intervention and remained similar at six months; the control group’s FM 
increased at every assessment, leading to a mean difference of 4.1kg between groups. Post-operative 
exercise intervention literature suggests that FM does not differ significantly between arms when 
exercise is initiated in the early post-operative stages
72, 84, 87-89, 91, 92
. Marchesi et al’s90 running 
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intervention introduced at one year post-surgery, led to a 2.2kg reduction in FM after 10 months, 
although this was not significantly different to the control arm. Notably, a similar FM reduction of 
2.1kg was observed in the MOTION Study despite the shorter duration (12 weeks) and lower intensity 
(moderate) of the intervention, while the control group had a slight increase in FM.  
Conversely to FM, FFM decreased in the intervention arm and increased in the control group; this is 
not surprising because of the body mass gained in the control group. Typically, when patients undergo 
bariatric surgery, rapid weight loss occurs losing both FM and FFM which negatively impacts basal 
metabolic rate
105, 122
. FFM loss typically accounts for between 33% and 50% of total body mass loss 
105,145
. Exercise interventions implemented during the period of rapid weight loss initiated by bariatric 
surgery have not found any significant differences in FFM between exercise training and usual care 
through the addition of exercise. Some interventions have attributed this to the type of exercise 
undertaken (aerobic)
91
. However, similar interventions initiated at an early post-operative time point 
which looked at resistance training alone
88
 and combined aerobic and resistance training
89
 have 
reported no significant differences in FFM between groups. Loss of FFM in The MOTION Study at 
the end of the 12 week exercise intervention amounted to 13% (0.32kg) of the total body mass 
reduction. This is lower than observed in the trials initiated earlier (23-39%)
88, 89, 91
. The MOTION 
Study did find an improvement in strength in the exercise group regardless of the small FFM 
reduction. Furthermore, despite body mass and FFM reducing further at the 6-month assessment in 
the current RCT (FFM equating to 28% (0.77kg) of the reduction in body mass), grip strength and the 
STS test continued to improve. This suggests that other factors may be affecting strength. Reductions 
in FFM with strength increases has previously been attributed to neurological factors such as 
enhanced firing frequency and spinal reflexes which occur during the early stages of a training 
programme
89
. The continued body mass loss after completing the 12 weeks of exercise could be 
attributed to a reduction in calorific intake of approximately 300kcal, as shown from the 24 hour food 
recall from three to six months in the exercise group. Overall body mass loss was predominantly FM 
loss and the small reductions in FFM did not affect the continual improvements in functional 
outcomes.  
Improvements in abdominal fat are reported as a result of exercise-induced weight loss in obese 
individuals
225
. The significantly lower waist circumference in the exercise group compared with the 
control group could indicate a significantly lower amount of abdominal fat directly after supervised 
aerobic and resistance training (8.1cm between group difference). Waist circumference remained 
lower than baseline at 6-months however the difference between groups reduced to a mean of 4.45cm. 
Hip circumference change from baseline was significantly different between groups at three and six 
months. There are difficulties associated with obtaining waist circumference in this population. Due to 
abdominal aprons and excess skin it is difficult to find the iliac crest and the lower border of the costal 
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margin
226
. Therefore, to ensure this waist and hip circumferences accuracy the measurement was 
repeated two or three times. A reduction in abdominal fat is a fair assumption based on previous 
combined aerobic and resistance training programmes for obesity reportedly decreasing abdominal  
and visceral fat
227
. 
None of the previous interventions that have been implemented within the first four months of surgery 
(during the period of rapid body mass loss) have identified any body composition differences between 
their intervention and control groups
72, 84, 88, 89, 91, 228, 229
. Only the running intervention by Marchesi et 
al
90
, which was initiated one year after surgery (the point of body mass peaks/ regains), displayed 
between group differences in body composition. The MOTION Study therefore confirms body 
composition changes are more effective when initiating an exercise intervention at 12 months post-
surgery. To check that the significant differences between the two groups in the current RCT were not 
influenced by calorific intake, a 24 hour food recall was undertaken at every assessment. No 
statistically significant differences were identified between groups, therefore suggesting that the 
improvements seen in the exercise group are a result of the intervention undertaken. It can therefore 
be confidently concluded that this is the first exercise intervention and RCT initiated 12 to 24 months 
after bariatric surgery which as a result shows significant between group differences in body mass in 
combination with other outcomes. 
5.4.3 Physical activity 
Increased physical activity in bariatric surgery patients leads to improved physical fitness and superior 
weight loss maintenance
69
. This is the first exercise intervention in bariatric surgery patients to 
objectively measure physical activity. The exercise group recorded positive changes from baseline to 
six months in stationary time, MVPA and step count. This equated to 108.4 minutes less stationary 
time weekly, 52.4 minutes more MVPA weekly and 242.7 more steps per day; no change was shown 
for light activity. Physical activity in the control group reduced to six months, stationary time 
decreased at three months and remained less than baseline levels and step count improved 
progressively from baseline to six months.  
In the exercise group directly after completion of the gym training, improvements were recorded in all 
activity parameters including self-reported activity and sitting time. Shah et al’s84 participants at the 
end of their 12 week exercise intervention also self-reported a mean increase in moderate intensity 
physical activity but not in light activity. Moderate intensity physical activity is important because 
activity guidelines are based on moderate intensity (≥150 minutes weekly82) and moderate intensity 
exercise is currently recommended for exercise interventions in obese populations for retention and 
motivation purposes
230
. King et al
77
 reported objectively measured MVPA on 473 participants before, 
one, two and three years after bariatric surgery. MVPA increased as a result of surgery yet remained 
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more than 35 minutes a week below the recommended levels for the general adult population. The 
MOTION Study participants had relatively high levels at baseline (198 min/week) but still improved 
as a result of the exercise training. The greatest improvements were seen in the exercise group at three 
months; from three to six months all objective and self-reported parameters reduced and only light 
activity was lower than baseline levels. After completion of the supervised element, physical activity 
maintenance may have been difficult; this is potentially why all activity parameters in the exercise 
group reduced from three to six months. Participants from the exercise arm reported that it was harder 
to motivate themselves without the instructor there. This has also been identified in previous exercise 
training research which found motivation predicts exercise behaviour after a RCT
231
. One participant 
stated that the local gyms were too expensive so they undertook alternative forms of physical activity 
such as swimming which meant gradually building fitness for a different activity. Expense has also 
been identified as affecting exercise maintenance after reduced price (free in this case) gym fees
232
. 
Others reported that it was difficult to continue the three 60-minute sessions per week, so set 
alternative goals. Although physical activity reduced in the exercise group from three to six months, 
everything apart from light activity remained superior to baseline values. This suggests participants 
may have compensated for their increased MVPA by reducing their light activity. Shah et al’s84 
participants at the end of their 12 week partially supervised exercise intervention showed that 
moderate physical activity increased by 40 minutes and simultaneously a 40 minute decrease in light 
activity; this shows a shift in physical activity intensity. 
It is important to acknowledge the levels of weekly MVPA in both groups at baseline. Previous 
research suggested that 89.4% of patients were not sufficiently active 12 months post-surgery (not 
meeting the MVPA guidelines of ≥150 minutes weekly)76, 82. Another study shows MVPA is not 
significantly different from one to three years, however a mean reduction in MVPA after 24 months is 
shown
71
. At baseline and after 6-months in the study both groups were performing more MVPA than 
the general adult physical activity guidelines (baseline: control +58.0 minutes, exercise +48.2 minutes; 
6-months: control +34.4 minutes, exercise +108.3 minutes per week). Berglind et al
80
 reported that 
their 56 patient cohort at 12 months undertook a mean of 32.1 minutes of MVPA daily after RYGB 
surgery without intervention; they were also therefore classified as active 12 months post-surgery. 
The ASMBS, The Obesity Society and the American Association of Clinical Endocrinologists jointly 
recommend that for a healthy post-operative lifestyle at least 30 minutes of activity per day should be 
undertaken. This guideline is suggested to achieve optimal body mass and body composition after 
bariatric surgery
233
. At both 3 and 6-months the exercise group were performing more than 30 minutes 
of MVPA per day whereas the control performed less MVPA. This could help explain the control 
group’s increase and the exercise group’s decrease in body mass.  
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5.4.4 Health Related outcomes 
Biochemical blood measures of non-fasting HbA1c and lipid profile were obtained; the mean values 
reported at the three time points all fell within the ‘normal’ ranges234, 235. Only the cholesterol:HDL 
ratio displayed a statistically significant difference between groups after the exercise intervention. 
However, triglycerides, LDL and HDL mean lipid profile results all favoured the exercise training 
group at both assessments. In contrast, the control group increased from their baseline levels to the top 
end of the normal ranges after six months. It should be noted that the changes in both groups were 
small and not statistically significant so it can be concluded that there was no significant effect. Other 
exercise interventions in this population have also reported positive results for LDL, HDL, 
triglycerides and insulin sensitivity in their sample with only a significant difference between groups 
for insulin sensitivity
72
.  
Mean blood pressure decreased as a result of exercise, and the control group remained higher than 
baseline showing a significant difference between groups. At 6-months, the control group’s blood 
pressure had remained level (121/81mmHg), whilst the exercise group had improved to within the 
healthy range (115/75mmHg) indicating that the exercise intervention contributed to lowering risk of 
heart disease and stroke
236
. 
Anxiety and depression have been reported to improve by six to ten months post-operatively as a 
result of undergoing bariatric surgery
237
. The mean reported anxiety and depression scores for both 
groups were below the threshold on the HADS, and therefore classed as normal. At baseline only 
three participants presented with mild to moderate depression and five presented mild to severe 
anxiety. It is likely that initiating a programme one year after the operative procedure, anxiety and 
depression changes are likely to have already occurred
237
. 
5.4.5 Intervention 
There are many difficulties associated with increasing exercise in this population. Moderate intensity 
exercise interventions gradually building from realistic levels as perceived by the patient, are 
suggested to help prevent drop out and aid the overall exercise intervention success in obese 
populations
230
. This is especially important in those with low-self efficacy and limited exercise 
familiarity
230
. As a clinical exercise intervention, the intervention was not underpinned by a formal 
theoretical framework. The exercise intervention for The MOTION Study was designed based on 
participants’ performance during the maximal treadmill exercise test during initial screening. The 
exercise programme was therefore designed specifically for that individual to reflect his/her ability. 
Due to the lack of post-operative guidelines for this population, patient’s were closely monitored to 
ensure gradual but continual progression through the 12 weeks of gym training
88
. Participant exercise 
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sessions were therefore supervised to monitor appropriate exercise levels to ensure progressive 
overload to facilitate improvements
238
. Individuals completed between three and six ability-dependant 
gym progressions which were designed and progressed based on their heart rate (most completed five 
to six) throughout the supervised training to ensure progression. Such improvements were shown for 
both aerobic exercises (performing longer durations at greater resistance, speeds and inclines) and 
resistance exercises (performing similar sets and repetitions at a progressively higher mass). No 
adverse events or injuries were recorded throughout the exercise intervention. Although the 
intervention was a combination of aerobic and resistance exercise, there was a predominant focus on 
aerobic exercise in the gym training sessions. A combined programme provides more variation and 
therefore helps maintain motivation. Although not directly comparable, when looking at the three 
weekly 60 minute gym sessions compared to a similar intervention in the same population comprising 
of 75 minute sessions, between group differences in function and body composition were only found 
in the current cohort
89
. This suggests that 60-minute sessions are sufficient for a 12-week combined 
aerobic and resistance training intervention performed three times per week. 
Significant reductions in body mass and fat mass have been reported under the supervision of a 
qualified exercise specialist compared with non-supervised exercise in an earlier trial
224
. This 
supervised approach provided regular professional support, ongoing counselling and an increased 
knowledge and understanding of the exercise which all positively contributes to self-belief and self-
confidence. Participants verbally expressed a lack of knowledge; not knowing what exercise will help 
them, what exercise is dangerous for them, not knowing where to start and most importantly what 
their bodies can cope with. This reflects the self-efficacy scores reported in the exercise group; the 
baseline levels were low and increased significantly directly after the completion of the exercise 
intervention. Self-efficacy did however decrease between the three and six month assessments; this is 
likely attributed to the removal of the supervision element although self-efficacy remained higher than 
baseline levels. This intervention show that the generic discharge advice session, combined with an 
example exercise programme and a diet sheet was insufficient for improving physical function and 
preventing weight regain in the control group. Previous research has found that in a morbidly obese 
population exercise education alone is insufficient for preventing declines in health related fitness
63
. 
Adherence to the protocol was higher than expected; the sample size calculation was based on a 20% 
drop out rate because of the nature of the population involved. In total 92% completed the training 
programme; the one participant who did not complete the gym training withdrew because she had her 
gastric band deflated (due to discomfort). The control group saw a higher drop-out rate with 83% 
completing the six months; the two participants who withdrew from this group reported it was 
because they were not randomised to the exercise group. The running intervention initiated at a 
similar post-operative time point only reported a 70% retention rate in the intervention group despite 
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participants volunteering to be in the running intervention
90
. The drop-outs in the running intervention 
attributed it to motivational reasons; suggesting that running may not be a suitable form of activity for 
everyone in this population.  
Huck et al
88
 reported high adherence for their 12 week resistance training intervention (84% 
adherence). In The MOTION Study, of a possible 36 gym sessions, the exercise group completers 
attended a mean of 34 sessions; this accounted for 95% adherence. This high adherence rate is likely 
to reflect the nature of the training sessions and training environment. Participants also reported that 
they felt this opportunity had come at the right time as they have less post-operative support at this 
stage after surgery. The low drop-out rate, high attendance and positive participant feedback shows 
the patients need for such an exercise intervention and the acceptability of this approach. 
5.4.6 Strengths and limitations 
To maximise recruitment in this post-operative bariatric surgery cohort three phases of recruitment 
occurred throughout the trial period to capture the patients 12 to 24 months post-surgery. Due to the 
limited amount of NHS patients available private patients were later recruited. Unfortunately the 
recruitment process relied on letter responses. To ensure this method was as effective as possible 
letters were sent a second time if the reply-slip was not returned within a month. Despite a thorough 
identification and screening process, the recruited sample was slightly smaller than intended, 
contributing to some minor differences between intervention and control arms at baseline. However, 
none of these were statistically significant, and analysis of change data indicated large and significant 
inter-group differences in the primary outcome measure (ISWT), and many other outcomes. A further 
limitation could be that some outcome measures have not been validated in a bariatric surgery 
population. The recruited sample was predominantly female, with only four men randomised. 
However, this reflects the gender bias in the characteristics of bariatric surgery patients [at a ratio of 
3:1
47
]. The variability in outcome measures at the 6-month assessment could have been influenced by 
individual’s type of activity and/or diet between the three and six month assessment. No measure of 
activity or diet was used between the assessments; this should be noted as it could influence findings. 
The strengths of The MOTION Study include its rigorous design; this is the first RCT initiated at the 
point of weight regain. It is also the first intervention to report follow-up results three months after 
completion of the exercise intervention. The study obtained dietary information to allow controlling 
for diet. As there were no significant differences between groups, the improvements appear to be 
attributable to the exercise intervention alone. Finally in comparison to previous research, The 
MOTION Study reports low drop-out rates and high gym session attendance thus showing marked 
adherence. 
Chapter Five: Randomised Controlled Trial (The MOTION Study)  
 
 
 
107 
 
5.4.7 Future research directions 
Exercise intervention research after bariatric surgery is still in its infancy. This RCT has provided a 
foundation for future research for the use of physical activity to optimise long term post-bariatric 
surgery outcomes. Suggested future research includes larger scale RCTs to confirm the current 
findings. It would be of interest to follow up exercise interventions long-term to determine 
maintenance from such a programme. Also including all post-operative patients deemed healthy to 
exercise, rather than limiting those able to take part based on BMI, could be beneficial. If the current 
RCT included those individuals also classified as overweight, 11 more patients who expressed an 
interest would have been invited for screening. A large-scale RCT is necessary to study the 
combination of pre and post-operative counselling targeting physical activity behaviour change before 
initiating supervised exercise. Such supervised exercise should be initiated at the point of weight 
regain or when weight loss slows and include regular longer term follow-ups after completion. 
Ultimately, to determine if this combination of exercise and physical activity counselling is feasible 
and advantageous in optimising long term outcomes.  
Future research exploring the cost effectiveness of such intervention and the feasibility of 
incorporating it into normal care is necessary. It is important to develop translational research in this 
population to ultimately be incorporated into usual care or inform current care packages. 
5.5 Conclusion 
The findings from The MOTION Study suggest that the implementation of a supervised exercise 
intervention at the point of weight regain is effective for improving physical function and body 
composition in this population. The MOTION Study has shown many positive outcomes as a result of 
exercise, notably the improvement in the primary outcome measure the ISWT. Functional walking 
ability showed a very large improvement directly after exercise and a further improvement when 
followed up. Since physical activity declined after the end of the supervised intervention, patients may 
need ongoing support to develop independence, to sustain these improvements in physical activity. 
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 Chapter Six 
 
Overall discussion 
 
 
 
Chapter Overview 
This final chapter closes the thesis by giving an overview of the findings from the three studies. 
Current physical activity guidelines and recommendations for bariatric surgery patients are discussed. 
The chapter also links the current literature, suggestions from national organisations and the thesis 
findings to build recommendations for physical activity and its clinical application. This ultimately 
aims to inform the direction for future research and post-operative bariatric support.   
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The primary aim of this research was to increase the understanding of the relationship between 
physical activity and long term outcomes for patients undergoing bariatric surgery. Three studies have 
been conducted to contribute to the existing literature and create a foundation for future research in 
this field. It is hoped that the results from this thesis will provide solid evidence of the benefits of 
physical activity for bariatric patients and therefore influence the design and implementation of future 
post-operative care, and ultimately improve bariatric patient’s quality of life and health. 
6.1 Thesis overview 
Study one was a systematic review of the literature to examine changes in physical activity and 
physical function resulting from bariatric surgery. Study two represented a retrospective analysis of a 
UK patient cohort to identify the point of weight regain and associated functional and health outcomes. 
Study three was a RCT of supervised and structured moderate intensity gym based exercise for 
bariatric surgery patients who remained obese following surgery. This intervention aimed to improve 
physical function and facilitate weight maintenance. The main outcomes from each study of the 
research project are summarised below, followed by a collective discussion that combines these 
results to formulate an overarching recommendation. 
Study one: Changes in physical activity behaviour and physical function after bariatric surgery: a 
systematic review and meta-analysis. 
It is generally accepted that weight loss and physical activity increase as a result of bariatric surgery. 
The first piece of research that makes up this thesis, a systematic review and meta-analysis, aimed to 
identify the effect of bariatric surgery on both physical activity and physical function outcomes 
among obese adults. Physical function reflects ability to perform basic activities of daily living such 
as walking, stair climbing and transitioning from sitting to standing
94
, and is often impaired in obese 
individuals. Improving physical function directly contributes to the improvement of HRQoL and 
wellbeing
94
. Results from the systematic review demonstrated improvements by 12 months in 
objective and self-reported physical activity and physical function. Objectively measured MVPA and 
an increase in step count at 3-6 months indicated that greater levels of lower intensity physical activity 
were carried out in the early post-operative stages of surgery. No relationship was identified between 
changes in weight and physical function. Trials with larger numbers of individuals are necessary to 
further understand the effects of physical activity on post-surgical outcomes.  
Study two: A retrospective cohort analysis of body mass, health, and functional outcomes after 
bariatric surgery 
Studies report that weight regain occurs between 12 and 24 months after bariatric surgery; this is 
based on research undertaken outside the UK. Study two, a retrospective cohort data analysis, aimed 
to identify if and when weight regain occurs, whether co-morbidities resolve and if physical function 
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improves in a UK NHS patient cohort following bariatric surgery. Data from this cohort demonstrates 
improvements in body mass, physical function and co-morbidities (e.g. sleep apnoea, dyslipidaemia 
and GORD) as a result of bariatric surgery. Superior outcomes observed following gastric bypass 
compared to gastric banding surgery. Weight loss patterns indicate rapid weight loss to six months 
weight stability (+/- 5kg
239
) from 12 to 24 months and weight regain 24 months post-surgery. This 
suggests a physical activity intervention may be beneficial if introduced 12 to 24 months after 
bariatric surgery, to aid weight loss maintenance and prevent further weight regain. 
Study three: The effects of supervised exercise training 12-24 months after bariatric surgery on 
physical function and body composition: a randomised controlled trial (The MOTION Study). 
Research on physical activity and bariatric surgery is in its infancy
69
. Few physical activity 
interventions exist in the bariatric population and currently no published exercise interventions are 
available in the UK. The aim of the RCT was to examine the effect of a 12 week supervised and 
structured gym based moderate intensity exercise intervention on physical function and body 
composition in patients 12-24 months post-bariatric surgery. A secondary aim was to examine the 
maintenance of the effects at six months (three months after the end of the intervention). At 12 weeks, 
improvements in the exercise intervention group were observed for body composition, walking 
function, functional lower limb muscle strength, grip strength, MVPA, blood pressure, resting heart 
rate, cholesterol:HDL ratio and self-efficacy. Three months later significant differences favouring the 
exercise intervention group remained for body composition, walking performance, functional lower 
limb muscle strength, grip strength, blood pressure. This research suggests that the addition of a 
moderate intensity supervised and structured exercise intervention 12-24 months after surgery is 
beneficial for bariatric surgery patients. To the best of our knowledge this is the first exercise 
intervention in this population to be undertaken in the UK, and the first RCT to initiate an exercise 
intervention at the point of weight regain.  
6.2 Current recommendations 
As research evolves, the importance of physical activity for optimising bariatric surgery outcomes is 
gaining greater recognition
26, 240
. Although currently there are no official guidelines relating to 
physical activity for bariatric surgery patients, the accumulating body of evidence supports the 
argument that development of formal recommendations are required. 
It is important to develop international guidelines for physical activiy for individuals undergoing 
bariatric surgery. There are currently no specific requirements in the UK to provide physical activity 
within the delivery of post-bariatric surgery care. There is however, increasing encouragement to 
service providers to incorporate physical activity advice in their services
2
. The Royal College of 
Physicians identifies the need for the development of standardised guidelines for all bariatric surgery 
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services to optimise long term surgical outcomes. Regarding physical activity, the Royal College of 
Physicians acknowledge the importance of physical activity advice within multidisciplinary care, and 
state that it should be incorporated. However, no quantifiable guidelines of physical activity are 
suggested. NICE guidelines recommend that follow-up care after bariatric surgery should incorporate 
physical activity advice and support in a two year post-operative care package
24
. Yet again, no 
quantifiable physical activity recommendations are suggested for this population. NICE does suggest 
that health professionals ‘advise people who have been obese and have lost weight that they may need 
to do 60–90 minutes of moderate intensity activity a day to avoid regaining weight’. This is referring 
to general weight loss, not specifically for bariatric surgery patients
24
. The National Obesity 
Observatory does not mention physical activity in their ‘bariatric surgery for obesity’ guidance 
document
38
. The NBSR recommendations suggests that lifestyle advice provided in the bariatric 
surgery weight assessment and management clinic should include access to a physical activity 
programmes, individually tailored to each patient to promote health and fitness
4
. The NBSR report, 
based on Livhits et al’s26 systematic review of exercise following bariatric surgery, recommends that 
after discharge from bariatric surgery services, bariatric physicians and GPs should arrange supervised 
physical activity which is individually tailored to each patient
4
. To the authors knowledge, no research 
on physical activity interventions have been undertaken in the UK; with most interventions having 
been undertaken in the USA
72, 84, 87, 88
. 
Although standardised guidelines have not been developed, organisations in the USA have more 
specific guidance than the UK. King & Bond
69
 summarise current physical activity guidelines 
recommended for bariatric surgery. The ASMBS and American Heart Association recommend mild 
pre-operative exercise of 20 minutes per day, on three to four days per week prior to surgery, in order 
to improve cardio respiratory fitness and enhance post-operative recovery. Additionally the ASMBS 
recommends including aerobic and light resistance training. Post-operative recommendations of at 
least 30 minutes per day are jointly recommended by the ASMBS, The Obesity Society and the 
American Association of Clinical Endocrinologists to achieve optimal body mass and body 
composition. The expert panel on weight loss recommends low to moderate intensity exercise to 
increase pre and post-operative physical activity. Similar to the UK recommendations for those who 
have previously lost weight, recommendations for overweight and obese adults suggest that to control 
body mass, more physical activity is needed. A dose response relationship has been reported by 
Donnelly et al
241
 between physical activity and both weight loss and weight loss maintenance.  
6.3 Recommendations for physical activity and clinical application 
Although physical activity intervention research for bariatric surgery is in its infancy, it is well 
accepted that physical activity positively affects bariatric surgery outcomes. Based on current 
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literature and the additional knowledge this thesis contributes, physical activity recommendations, 
such as an intervention of structured exercise, should be integrated into routine care for patients 
undergoing bariatric surgery. Introducing routine pre and post-operative physical activity counselling 
with the aim of increasing physical activity to target levels is recommended for weight maintenance
69
. 
In addition, a supervised and structured moderate intensity exercise programme (combined aerobic 
and resistance training sessions three days per week for 12 weeks) at 12 months, with the aim of 
improving physical function and the facilitation of weight loss and maintenance of physical activity. 
This should be offered at the typical point of weight regain. 
Exercise interventions which have been initiated in the early post-operative stages have demonstrated 
numerous positive outcomes, yet none of these interventions have established differences in body 
composition when comparing the intervention and control groups
72, 84, 88, 89
. The MOTION Study and 
one other exercise intervention initiated after 12 months are the only trials identified that report body 
composition improvements between the exercise and control groups
90
. These data support the call for 
an exercise intervention at 12 months after surgery: the point of peak weight loss
23
. It is important to 
incorporate physical activity counselling which target current guidelines, as studies report that patients 
may remain insufficiently active a year after surgery
76
. Even if guidelines are being met, supervised 
and structured moderate intensity exercise has still proven to be beneficial. Patients in the MOTION 
Study were performing a mean of 29 MVPA minutes daily and still benefited from supervised and 
structured moderate intensity aerobic exercise. 
Low cost objective measures of physical function such as the ISWT and STS test should also be 
incorporated into routine clinical practice (pre and post-operative follow up assessments). These are 
simple patient-centred measurements to monitor functional progress alongside weight loss and are 
accurate field based tests of functional capacity and functional muscle strength respectively
191, 220, 221
. 
Both the ISWT and STS tests are important predictors of physical function and therefore HRQoL
191, 
221
. This is important as it reflects improvements and deteriorations in HRQoL are associated with the 
magnitude of weight loss and weight regain
242
.  
It would be beneficial for the UK to develop standardised guidelines for the delivery of bariatric 
surgery services which incorporate supervised and structured physical activity. Current national 
recomendations need to recognise that exercise advice alone is insufficient for improving health 
related fitness parameters for optimising bariatric surgery outcomes
2
. 
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6.4 Recommendations for future research 
Priorities for future research are evident from the outcomes of the research in this thesis. There is a 
need for more physical activity interventions, specifically large scale studies and RCTs to ultimately 
inform physical activity guidance in this population. Future research suggestions include: 
1. A large scale physical activity monitoring study which assesses pre and post-operative 
activity (at the typical standard follow-up timeframes). This would help identify necessary 
physical activity levels in this population to optimise health outcomes. This information will 
inform RCTs and physical activity guidelines. 
2. A large-scale randomised clinical trial to examine the combination of pre and post-operative 
counselling before initiating a structured and supervised exercise at the point when weight 
loss slows or weight regains. This should be coupled with regular longer term follow-ups to 
determine if this combination is feasible and advantageous in optimising long term outcomes. 
3. A RCT initiated approximately 10 months post-operatively to identify whether intervening 
when weight loss slows is more beneficial than intervening at the point of weight regain. 
Further RCTs should look at the intensity and type of exercise performed on multiple health 
related fitness parameters and biochemical indicators of obesity related diseases. 
6.5 Conclusion 
It can be concluded that the findings from this thesis support the implementation of physical activity 
intervention at the point of reported weight regain to further improve physical function. Findings 
revealed that 12 weeks of supervised and structured moderate intensity gym training, comprising one 
hour of aerobic and resistance training three times per week, led to large functional improvements and 
additional improvements in body composition. The low drop-out rate, high attendance and positive 
participant feedback in the The MOTION Study emphasises the patient need for such a physical 
activity program. It is recognised that increased physical activity aids bariatric surgery success, 
however research is still in its infancy. This information has provided a foundation for future research 
in the use of physical activity to optimise long term post-bariatric surgery outcomes.  
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Appendices 
Appendix  2.1: Systematic review search strategy 
Bariatric surgery 
1. (MH "Bariatric Surgery+") (12,332) 
2. AB "bariatric surg*" OR TI "bariatric surg*" (5,201) 
3. AB "antiobesity surg*" OR TI "antiobesity surg*" (18) 
4. AB ( "anti£obesity surg*" or "anti#obesity surg*" ) OR TI ( "anti£obesity surg*" or 
"anti#obesity surg*" ) (28) 
5. AB "Obesity surg*" OR TI "Obesity surg*" (503) 
6. AB ( Gastroplasty or gastro£gastostomy or gastro#gastostomy or "gastric bypass" or "gastric 
surg*" or "restrict* surg*" ) OR TI ( Gastroplasty or gastro£gastostomy or gastro#gastostomy 
or "gastric bypass" or "gastric surg*" or "restrict* surg*" ) (7,616) 
7. (MH "Gastric Bypass") (4,417) 
8. AB "Gastric Bypass" OR TI "Gastric Bypass"  (4,701) 
9. (MH "Jejunoileal Bypass") (540) 
10. AB "Jejunoileal Bypass" OR TI "Jejunoileal Bypass" (773) 
11. AB ( "Jejuno#ileal Bypass" or "Jejuno£ileal Bypass" ) OR TI ( "Jejuno#ileal Bypass" or 
"Jejuno£ileal Bypass" ) (956) 
12. AB "Metabolic surg*" OR TI "Metabolic surg*" (117) 
13. AB "gastrointestinal surg*" OR TI "gastrointestinal surg*"  (1,515) 
14. AB "gastrointestinal diver*" OR TI "gastrointestinal diver*"  (19) 
15. (MH "Biliopancreatic Diversion") (710) 
16. AB "Biliopancreatic Diversion" OR TI "Biliopancreatic Diversion" (604) 
17. AB ( "Bilio#pancreatic Diversion" or "Bilio£pancreatic Diversion" ) OR TI 
( "Bilio#pancreatic Diversion" or "Bilio£pancreatic Diversion" ) (645) 
18. AB ( "Bilio#pancreatic bypass" or "Bilio£pancreatic bypass" ) OR TI ( "Bilio#pancreatic 
bypass" or "Bilio£pancreatic bypass" ) (62) 
19. AB "Gastric band*" OR TI "Gastric band*" (2,171) 
20. AB "Silicon band*" OR TI "Silicon band*"  (23) 
21. AB "Biliopancreatic bypass" OR TI "Biliopancreatic bypass" (50) 
22. (MH "Gastroenterostomy+") (7,152) 
23. AB "Gastroenterostomy" OR TI "Gastroenterostomy" (711) 
24. AB "Gastrectomy" OR TI "Gastrectomy"  (15,704) 
25. AB "Gastroplasty" OR TI "Gastroplasty"  (1,468) 
26. AB LAGB OR TI LAGB (598) 
27. AB "stomach stap*" OR TI "stomach stap*"  (9) 
28. AB "lap* band*" OR TI "lap* band*" (276) 
29. AB ( "lap-band*" or "lap#and*" or "lap£band*" ) OR TI ( "lap-band*" or "lap#and*" or 
"lap£band*" ) (386) 
30. AB "malabsorptive surg*" OR TI "malabsorptive surg*" (22) 
31. AB "malabsorptive procedure*" OR TI "malabsorptive procedure*" (91) 
32. AB "mason* procedure*" OR TI "mason* procedure*" (19) 
33. AB ( "Roux-en-Y" or "Roux£en£Y" or "Roux#en#Y" ) OR TI ( "Roux-en-Y" or 
"Roux£en£Y" or "Roux#en#Y" ) (5,023) 
34. AB "anastomosis Roux-en-Y" OR TI "anastomosis Roux-en-Y"  (8) 
35. AB "duodenal switch*" OR TI "duodenal switch*" (374) 
36. AB "restrict* surg*" OR TI "restrict* surg*" (172) 
37. (S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR 
S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR 
S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR 
S35 OR S36)  (38,360) 
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Physical activity/ exercise and physical function 
38. (MH "Exercise+") (98,038) 
39. AB (Exercise* or "physic* activ*" or exert* or "physic* fit*" or sport*) OR TI (Exercise* or 
"physic* activ*" or exert* or "physic* fit*" or sport* ) (392,105) 
40. AB ( Walk* or Jog* or swim* ) OR TI ( Walk* or Jog* or swim* ) (85,055) 
41. AB ( "weight lift*" or "strength train*" or "resistance train*" or "circuit weight train*" or 
"aerob* train*" ) OR TI ( "weight lift*" or "strength train*" or "resistance train*" or "circuit 
weight train*" or "aerob* train*" ) (7,293) 
42. (MH "Physical Exertion") (51,460) 
43. (MH "Physical Education and Training+") (12,857) 
44. (MH "Physical Fitness") (20,203) 
45. AB ( "Physical* Fit*" or "Physical*-Fit*" or "Physical*#Fit*" or "Physical*£Fit*" or 
"physical* func*" or "function* capac*") OR TI ("Physical* Fit*" or "Physical*-Fit*" or 
"Physical*#Fit*" or "Physical*£Fit*" or "physical* func*" or "function* capac*" ) (24,203) 
46. AB sport* OR TI sport* (36,971) 
47. (MH "Sedentary Lifestyle") (1,554) 
48. AB ( "Sedent* Lifestyle" or "sedent* behav*" ) OR TI ( "Sedent* Lifestyle" or "sedent* 
behav*" ) (2,820) 
49. AB Active* OR TI Active* (641,465) 
50. AB "motor activ*" or “exercise* test*” OR TI "motor activ*" or “exercise* test*” (29,786) 
51. AB ( "musculoskeletal fit*" or "aerobic fit*" ) OR TI ( "musculoskeletal fit*" or "aerobic 
fit*" ) (1,580) 
52. AB ( "phyisical* behav*" or "physical* train*" ) OR TI ( "phyisical* behav*" or "physical* 
train*" ) (4,323) 
53. AB ( "cardio* fit*" or "cardio* endurance" ) OR TI ( "cardio* fit*" or "cardio* 
endurance" ) (2,712) 
54. (MH “Muscle Strength+”) (14,193) 
55. (S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 
OR S49 OR S50 OR S51 OR S52 OR S53 OR S54) (1,154,157) 
56. S37 AND S55 (1,339) 
Methodological terms 
57. S37 AND S55  Limiters - Publication Type: Clinical Trial, Clinical Trial, Phase III, Clinical 
Trial, Phase IV, Comparative Study, Controlled Clinical Trial, Evaluation Studies, 
Multicenter Study, Randomized Controlled Trial, Twin Study, Validation Studies (222) 
58. (MH "Cohort Studies+") (1,210,613) 
59. (MH "Randomized Controlled Trials as Topic+") (82,664) 
60. (MH "Prospective Studies") (327,650) 
61. (MH "Evaluation Studies as Topic+") (932,284) 
62. (MH "Follow-Up Studies")  (454,819) 
63. AB ( control* or prospectiv* or volunteer*or placebo* or random* ) OR TI ( control* or 
prospectiv* or volunteer*or placebo* or random* ) (2,923,853) 
64. (S58 OR S59 OR S60 OR S61 OR S62 OR S63) (4,366,851) 
65. S56 AND S64 (584) 
66. S57 OR S65 (507) 
67. S57 OR S65 Limiters - Human; Age Related: Young Adult: 19-24 years, Adult: 19-44 years, 
Middle Aged: 45-64 years, Middle Aged + Aged: 45 + years, Aged: 65+ years, Aged, 80 and 
over, All Adult: 19+ years (343) 
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Appendix  5.1: The MOTION Study’s NHS Ethical Approval. 
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Appendix  5.2: The MOTION Study’s Participant Information Sheet
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Appendix  5.3: The ISWT Termination Criteria and Record Sheet 
The ISWT termination criteria. 
 
 
 
 
 
 
 The ISWT ends if any one of the following occur: 
 The patient is more than 0.5 m away from the cone when the beep sounds (allow one lap to 
catch up).  
 The patient reports that they are too breathless to continue.  
 The patient reaches 85% of predicted maximum heart rate  
 The patient exhibits any of the following signs and symptoms:  
 Chest pain that is suspicious of / for angina.  
 Evolving mental confusion or lack of coordination.  
 Evolving light-headedness.  
 Intolerable dyspnoea.  
 Leg cramps or extreme leg muscle fatigue.  
 Persistent SpO2 < 85%.  
 Any other clinically warranted reason. 
The shuttles were recorded on the record sheet below and tallied up upon completion. 
 
Nine metres 
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Appendix  5.4: The IPAQ Short Form Questionnaire 
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Appendix  5.5: The Self-Efficacy to Regulate Physical Activity Questionnaire 
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Appendix  5.6: Hospital Anxiety and Depression Scale 
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Appendix  5.7: The MOTION Studies 24 Hour Dietary Recall Template 
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Appendix  5.8: The MOTION Study’s Diet Advice Sheet
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Appendix  5.9: All APP outcome measure change data between baseline and three and six months by intervention group. 
Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control p-value Exercise Control p-value 
Body composition 
Body Mass (kg) 107.5 ± 16.8 107.9 ± 17.8 -2.7 ± 3.4 1.2 ± 1.5 0.004 -3.0 ± 5.6 3.5 ± 2.8 0.004 
Body Mass Index (kg∙m2) 38.4 ± 6.4 39.6 ± 3.8 -1.0 ± 1.3 0.4 ± 0.5 0.003 -1.1 ± 2.1 1.2 ± 0.9 0.004 
Body fat (%) 41.9 ± 7.7 44.8 ± 5.8 -1.1 ± 1.1 0.4 ± 1.0 0.005 -0.8 ± 1.6 0.7 ± 1.8 0.062 
Fat Mass (kg) 45.6 ± 13.5 48.2 ± 9.4 -2.3 ± 2.6 1.0 ± 1.3 0.002 -2.1 ± 4.3 2.5 ± 2.8 0.009 
Fat Free Mass (kg) 61.9 ± 9.5 59.7 ± 13.0 -0.4 ± 1.4 0.2 ± 1.4 0.402 -0.8 ± 1.7 1.0 ± 2.0 0.033 
Hip Circumference (cm) 131.5 ± 13.7 135.6 ± 10.9 -6.9 ± 8.7 -0.2 ± 2.8 0.031 -8.4 ± 12.9 -0.8 ± 2.2 0.081 
Waist Circumference (cm) 119.3 ± 11.9 121.7 ± 12.3 -8.2 ± 4.2 -0.7 ± 3.2 <0.001 -4.3 ± 9.5 0.6 ± 3.3 0.137 
Waist to Hip Ratio 0.9 ± 0.1 0.9 ± 0.1 -0.0 ± 0.1 0.0 ± 0.0 0.456 0.0 ± 0.2 0.0 ± 0.0 0.678 
Physical function 
ISWT (metres) 314.6 ± 117.0 350.0 ± 67.7 122.7 ± 59.2 -4.0 ± 19.6 <0.001 156.4 ± 77.5 -42.2 ± 86.6 <0.001 
Right Hand Grip Strength (kg) 27.5 ± 9.1 29.1 ± 10.5 2.7 ± 4.2 -1.1 ± 3.6 0.040 3.1 ± 3.8 1.0 ± 4.1 0.239 
Left Hand Grip Strength (kg) 27.7 ± 13.2 29.1 ± 10.4 2.3 ± 5.2 -0.7 ± 2.1 0.107 2.6 ± 3.1 -0.6 ± 2.2 0.014 
5 x Seat to Stand Test (sec) 13.7 ± 7.2 12.5 ± 3.0 -4.2 ± 4.1 0.3 ± 3.1 0.013 -4.6 ± 3.9 0.3 ± 2.4 0.003 
Cardiovascular measures 
Systolic Blood Pressure (mmHg) 121.2 ± 17.0 121.8 ± 11.4 -8.1 ± 11.5 4.4 ± 9.1 0.013 -7.6 ± 9.3 0.5 ± 7.4 0.043 
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Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control p-value Exercise Control p-value 
Diastolic Blood Pressure 
(mmHg) 
80.0 ± 6.7 76.9 ± 7.2 -5.7 ± 5.6 3.9 ± 6.7 0.002 -5.6 ± 5.6 3.2 ± 4.6 0.001 
Oxygen Saturation (%) 98.1 ± 0.5 97.4 ± 1.2 0.6 ± 0.8 0.0 ± 1.2 0.157 0.5 ± 0.8 -0.2 ± 1.2 0.164 
Resting Heart Rate (bpm) 67.0 ± 9.6 76.7 ± 8.8 -12.3 ± 8.7 -3.4 ± 8.2 0.027 -5.5 ± 9.1 -4.1 ± 10.1 0.750 
Biochemical results 
Total Cholesterol (mmol/L) 4.3 ± 0.8 4.5 ± 0.8 -0.1 ± 0.7 0.1 ± 0.5 0.374 0.0 ± 0.5 0.1 ± 0.5 0.634 
Triglycerides (mmol/L) 1.3 ± 0.4 1.5 ± 0.9 -0.2 ± 0.3 0.0 ± 0.8 0.406 -0.1 ± 0.4 0.1 ± 0.9 0.462 
LDL (mmol/L) 2.4 ± 0.8 2.3 ± 0.4 -0.1 ± 0.6 0.1 ± 0.4 0.288 -0.0 ± 0.6 0.2 ± 0.5 0.335 
HDL (mmol/L) 1.3 ± 0.2 1.5 ± 0.5 0.1 ± 0.2 0.0 ± 0.2 0.283 0.1 ± 0.3 0.0 ± 0.2 0.492 
Cholesterol:HDL Ratio 3.5 ± 0.6 3.2 ± 0.9 -0.3 ± 0.5 0.2 ± 0.5 0.037 -0.2 ± 0.6 0.1 ± 0.4 0.324 
HBA1c (%) 5.2 ± 0.2 5.7 ± 1.1 0.0 ± 0.1 0.1 ± 0.2 0.113 0.1 ± 0.2 0.2 ± 0.2 0.203 
HBA1c (mmol/L) 32.8 ± 2.1 38.9 ± 11.2 0.1 ± 1.5 1.1 ± 1.7 0.162 1.7 ± 2.8 2.6 ± 1.8 0.414 
Physical activity 
Stationary time (min/day) 567.0 ± 96.5 569.8 ± 65.8 -42.1 ± 104.5 -14.6 ± 73.7 0.571 -17.0 ± 94.0 -6.3 ± 84.9 0.904 
Light activity (min/day) 302.7 ± 81.5 300.7 ± 74.9 0.6 ±67.4 -4.5 ± 112.5 0.804 -28.1 ± 48.1 -16.7 ± 93.6 0.802 
MVPA (min/day) 30.1 ± 24.5 26.7 ± 17.4 11.5 ± 9.0 -1.7 ± 15.5 0.043 8.2 ± 20.8 -3.8 ± 17.3 0.165 
Step count (steps per day) 6474.2 ± 3494.9 5480.7 ± 1679.6 686.6 ± 1405.8 550.8 ± 2005.1 0.868 267.0 ± 2484.2 596.7 ± 2449.8 0.782 
IPAQ (MET-min/week)  4308.6 ± 4999.6 1533.6 ± 2501.1 5923.0 ± 5903.2 4175.2 ± 8466.6 0.587 2993.2 ± 7276.5 1129.7 ± 3275.1 0.467 
Appendix 5.9: continued 
Appendix 5.9: continued 
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Outcome Measures 
Baseline Baseline to 3-month change Baseline to 6-month change 
Exercise Control Exercise Control p-value Exercise Control p-value 
Daily sitting time (min) 248.2 ± 131.5 354.0 ± 131.0 -10.9 ± 131.6 21.0 ± 186.6 0.653 73.6 ± 159.0 63.0 ± 171.1 0.884 
Psychological questionnaires 
Anxiety score 6.9 ± 4.7 5.3 ± 4.2 -1.4 ± 3.0 -0.8 ± 3.2 0.683 -0.8 ± 3.5 0.9 ± 4.8 0.359 
Depression score 2.6 ± 4.3 2.1 ± 3.5 -0.6 ± 3.1 1.2 ± 3.6 0.224 0.4 ± 3.8 2.3 ± 6.4 0.403 
Total SERPA score 920.9 ± 402.4 668.5 ± 445.1 377.7 ± 327.0 -29.5 ± 166.8 0.002 91.8 ± 444.2 205.5 ± 324.9 0.515 
SERPA score Average 51.6 ± 22.3 37.7 ± 25.0 22.3 ± 18.6 -0.5 ± 8.8 0.002 6.6 ± 24.4 10.8 ± 18.3 0.664 
Dietary intake 
Calorific intake (kcal/wk) 1723.2 ± 552.4 1593.7 ± 367.7 -5.8 ± 902.5 -278.1  ± 416.9 0.281 -274.6  ± 452.4 228.9  ± 612.6 0.103 
APP data are presented as mean ±SD 
KEY: kg: kilograms; cm: centimetres; kg/m
2
: kilograms per metre squared; mmHg: millimetres of mercury; bpm: beats per minute; mmol/L: millimole per 
litre; min: minutes; sec: second; MET; metabolic equivalence kcal: kilocalories 
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Appendix  5.10: The MOTION Study’s mean absolute results by arm at baseline, three and six months (ITT). 
Outcome Measures 
Baseline 3-month assessment 6-month assessment 
Exercise Control Exercise Control Exercise Control 
Body composition 
Body Mass(kg) 106.5 ± 16.4 106.0 ± 17.5 104.0 ± 15.7 107.0 ± 17.8 103.8 ± 14.3 108.9 ± 19.4 
Body Mass Index (kg∙m2) 38.2 ± 6.1 39.4 ± 4.3 37.3 ± 5.7 39.8 ± 4.3 37.2 ± 5.1 40.4 ± 4.6 
Body fat (%) 42.0 ± 7.3 45.2 ± 6.0 41.0 ± 7.2 45.6 ± 6.1 41.3 ± 7.4 45.8 ± 6.3 
Fat Mass (kg) 45.2 ± 12.9 47.9 ± 10.0 43.1 ± 12.3 48.8 ± 10.6 43.3 ± 11.7 50.1 ± 11.6 
Fat Free Mass (kg) 61.2 ± 9.3 58.1 ± 12.4 60.9 ± 8.9 58.2 ± 12.0 60.5 ± 8.9 58.9 ± 12.6 
Hip Circumference (cm) 131.0 ± 13.2 135.6 ± 11.5 124.7 ± 13.5 135.4 ± 12.4 123.3 ± 11.9 134.9 ±11.9 
Waist Circumference (cm) 118.2 ± 11.9 121.1 ± 12.3 110.7 ± 11.2 120.6  ± 12.1 114.3 ± 14.0 121.6 ± 12.8 
Waist to Hip Ratio 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ±0.1 
Physical function 
ISWT (metres) 325.0 ± 117.3 355.0 ± 80.6 437.5 ± 88.2 351.7 ± 85.3 468.3 ± 115.2 322.5 ± 102.3 
Right Hand Grip Strength (kg) 27.5 ± 8.7 28.5 ± 9.6 30.0 ± 7.9 27.6 ± 9.0 30.4 ± 10.3 29.3 ± 8.4 
Left Hand Grip Strength (kg) 27.6 ± 12.5 28.5 ± 9.6 29.7 ± 9.6 27.9 ± 9.4 30.0 ± 12.3 28.0 ± 8.1 
5 x Seat to Stand Test (sec) 13.7 ± 6.8 12.2 ± 2.9 9.9 ± 3.7 12.4 ± 4.4 9.5 ±3.8 12.4 ± 2.6 
Cardiovascular measures 
Systolic Blood Pressure (mmHg) 121.9 ± 16.4 120.4 ± 10.9 114.5 ± 10.5 124.1 ± 13.2 115.0 ± 11.2 120.8 ± 9.7 
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Outcome Measures 
Baseline 3-month assessment 6-month assessment 
Exercise Control Exercise Control Exercise Control 
Diastolic Blood Pressure (mmHg) 80.8 ± 6.9 78.4 ± 7.7 75.5 ± 6.9 81.7 ± 8.4 75.6 ± 8.7 81.1 ± 6.1 
Oxygen Saturation (%) 97.9 ± 0.8 97.3 ± 1.1 98.5 ± 0.9 97.3 ± 1.0 98.3 ± 0.9 97.1 ±0.9 
Resting Heart Rate (bpm) 66.8 ± 9.2 76.0 ± 8.3 55.5 ± 7.9 73.2 ± 6.5 61.8 ± 8.2 72.6 ± 7.1 
Biochemical results 
Total Cholesterol (mmol/L) 4.3 ± 0.8 4.5 ± 0.9 4.2 ± 0.7 4.6 ± 0.8 4.3 ± 0.7 4.6 ± 1.0 
Triglycerides (mmol/L) 1.4 ± 0.4 1.6 ± 0.8 1.2 ± 0.4 1.6 ± 0.8 1.3 ± 0.4 1.7 ± 1.3 
LDL (mmol/L) 2.4 ± 0.7 2.3 ± 0.5 2.3 ± 0.6 2.4 ± 0.5 2.4 ± 0.6 2.5 ±0.7 
HDL (mmol/L) 1.3 ± 0.2 1.5 ± 0.4 1.4 ± 0.3 1.5 ± 0.5 1.4 ± 0.3 1.5 ±0.5 
Cholesterol:HDL Ratio 3.5 ± 0.6 3.2 ± 0.8 3.2 ± 0.6 3.3 ± 0.9 3.3 ± 0.7 3.3 ± 1.0 
HBA1c (%) 5.2 ± 0.2 5.6 ± 1.0 5.2 ± 0.3 5.7 ± 1.1 5.3 ± 0.4 5.8 ± 1.1 
HBA1c (mmol/L) 33.2 ± 2.3 37.8 ± 10.5 33.3 ± 2.9 38.7 ± 11.7 34.8 ± 4.5 39.9 ± 11.6 
Physical activity 
IPAQ (MET-min/week) 3952.3 ± 4924.1 2059.6 ± 3070.2 9318.7 ± 8513.6 5538.9 ± 10020.5 6696.0 ± 6805.6 3001.0 ± 3480.6 
Daily sitting time (min) 262.5 ± 134.8 310.0 ± 158.9 252.5 ± 152.1 327.5 ± 181.1 330.0 ± 149.7 362.5 ± 208.4 
Stationary time (min/day) 559.6 ± 94.7 531.1 ± 131.4 521.3 ± 56.1 518.0 ± 146.7 544.0 ± 105.8 525.4 ± 150.7 
Light activity (min/day) 304.5 ± 77.3 320.1 ± 91.2 305.0 ± 50.7 316.1 ± 88.9 274.4 ± 105.8 305.3 ± 93.4 
MVPA (min/day) 28.31 ±24.0 29.7 ± 18.6 38.8 ± 23.4 28.2 ± 19.3 36.9 ± 18.8 26.3 ± 16.7 
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Outcome Measures 
Baseline 3-month assessment 6-month assessment 
Exercise Control Exercise Control Exercise Control 
Step count (steps per day) 6379.4 ± 3316.0 5737.2 ± 1749.4 7003.6 ± 2476.2 6226.8 ± 2603.1 6742.7 ± 2942.4 6267.5 ± 2595.8 
Psychological questionnaires 
Anxiety score 6.6 ± 4.6 5.5 ± 3.8 5.3 ± 4.1 4.8 ± 4.4 5.8 ± 4.8 6.3 ±6.2 
Depression score 2.4 ± 4.2 2.4 ± 3.3 1.8 ± 2.0 3.4 ± 2.6 2.8 ± 3.4 4.3 ±5.1 
SERPA score Average 50.4 ± 21.6 37.9 ± 23.5 70.8 ± 24.1 37.5 ± 24.5 56.4 ± 22.4 46.9 ±25.5 
Dietary intake 
Calorific intake (kcal/week) 1713.6 ± 527.7 1559.8 ± 361.1 1809.8 ± 620.9 1297.3 ± 325.8 1504.4 ± 475.1 1712.3 ± 427.3 
ITT data are presented as mean ±SD 
KEY: kg: kilograms; cm: centimetres; kg/m
2
: kilograms per metre squared; sec: second; mmHg: millimetres of mercury; bpm: beats per minute; mmol/L: 
millimole per litre; min: minutes 
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Appendix  5.11: The MOTION Study’s mean absolute results by arm at baseline, three and six months (APP). 
Outcome Measures 
Baseline 3-month assessment 6-month assessment 
Exercise Control Exercise Control Exercise Control 
Body composition 
Body Mass(kg) 107.5 ± 16.8 107.9 ± 17.8 104.8 ± 16.3 109.1 ± 17.9 104.5 ± 14.8 111.4 ± 19.5 
Body Mass Index (kg∙m2) 38.4 ± 6.4 39.6 ± 3.8 37.9 ± 6.0 40.0 ± 3.7 37.3 ± 5.3 40.8 ± 4.0 
Body fat (%) 41.9 ± 7.7 44.8 ± 5.8 40.8 ± 7.5 45.2 ± 6.0 41.2 ± 7.7 45.5 ± 6.2 
Fat Mass (kg) 45.6 ± 13.5 48.2 ± 9.4 43.3 ± 12.8 49.3 ± 10.2 43.5 ± 12.3 50.8 ± 11.3 
Fat Free Mass (kg) 61.9 ± 9.5 59.7 ± 13.0 61.5 ± 9.1 59.9 ± 12.6 61.1 ± 9.1 60.7 ± 13.1 
Hip Circumference (cm) 131.5 ± 13.7 135.6 ± 10.9 124.6 ± 14.2 135.4 ± 12.0 123.1 ± 12.5 134.8 ± 11.4 
Waist Circumference 
(cm) 
119.3 ± 11.9 121.7 ± 12.3 111.0 ± 11.7 121.0 ± 12.1 115.0 ± 14.4 122.3 ± 12.9 
Waist to Hip Ratio 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.2 0.91 ± 0.1 
Physical function 
ISWT (metres) 314.6 ± 117.0 350.0 ± 67.7 437.3 ± 92.5 346.0 ± 74.0 470.9 ± 120.5 297.8 ± 88.4 
Right Hand Grip 
Strength (kg) 
27.5 ± 9.1 29.1 ± 10.5 30.1 ± 8.3 28.0 ± 9.9 30.5 ± 10.8 30.1 ± 9.1 
Left Hand Grip Strength 
(kg) 
27.7 ± 13.2 29.1 ± 10.4 30.0 ± 10.0 28.4 ± 10.3 30.4 ± 12.8 28.6 ± 8.8 
5 x Seat to Stand Test 
(sec) 
13.7 ± 7.2 12.5 ± 3.0 9.6 ± 3.7 12.7 ± 4.7 9.1 ± 3.8 12.7 ± 2.6 
Cardiovascular measures 
Systolic Blood Pressure 
(mmHg) 
121.2 ± 17.0 121.8 ± 11.4 113.1 ± 9.8 126.2 ± 13.5 113.6 ± 10.6 122.3 ± 10.0 
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Outcome Measures 
Baseline 3-month assessment 6-month assessment 
Exercise Control Exercise Control Exercise Control 
Diastolic Blood Pressure 
(mmHg) 
80.00 ± 6.74 76.9 ± 7.2 74.3 ± 5.7 80.8 ± 8.7 74.4 ± 7.9 80.1 ± 5.8 
Oxygen Saturation (%) 98.09 ± 0.54 97.4 ± 1.2 98.7 ± 0.5 97.4 ± 1.0 98.6 ± 0.5 97.2 ± 0.9 
Resting Heart Rate (bpm) 67.0 ± 9.6 76.7 ± 8.8 54.7 ± 7.8 73.3 ± 7.0 61.6 ± 8.6 72.6 ± 7.7 
Biochemical results 
Total Cholesterol 
(mmol/L) 
4.3 ± 0.8 4.5 ± 0.8 4.2 ± 0.7 4.7 ± 0.8 4.3 ± 0.8 4.8 ± 0.9 
Triglycerides (mmol/L) 1.3 ± 0.4 1.5 ± 0.9 1.1 ± 0.2 1.6 ± 0.9 1.2 ± 0.3 1.7 ± 1.5 
LDL (mmol/L) 2.4 ± 0.8 2.3 ± 0.4 2.3 ± 0.6 2.4 ± 0.5 2.4 ± 0.6 2.5 ± 0.6 
HDL (mmol/L) 1.3 ± 0.2 1.5 ± 0.5 1.4 ± 0.3 1.5 ± 0.5 1.4 ± 0.4 1.6 ± 0.5 
Cholesterol:HDL Ratio 3.5 ± 0.6 3.2 ± 0.9 3.2 ± 0.6 3.4 ± 1.0 3.3 ± 0.7 3.2 ± 1.0 
HBA1c (%) 5.2 ± 0.2 5.7 ± 1.1 5.2 ± 0.3 5.8 ± 1.1 5.3 ± 0.4 6.0 ± 1.1 
HBA1c (mmol/L) 32.8 ± 2.1 38.9 ± 11.2 32.9 ± 2.8 40.0 ± 12.4 34.6 ± 4.7 41.5 ± 12.2 
Physical activity 
Anxiety score 6.9 ± 4.7 5.3 ± 4.2 5.6 ± 4.3 4.5 ± 4.8 6.1 ± 5.0 6.2 ± 6.9 
Depression score 2.6 ± 4.3 2.1 ± 3.5 2.0 ± 2.0 3.3 ± 2.8 3.0 ± 3.4 4.4 ± 5.6 
SERPA score Average 51.6 ± 22.3 37.7 ± 25.0 73.9 ± 22.7 37.2 ± 26.1 58.2 ± 22.7 48.6 ± 26.9 
Psychological questionnaires 
IPAQ (MET-min/week) 4308.6 ± 4999.6 1533.6 ± 2501.1 10231.6 ± 8378.2 5708.8 ± 10913.8 7301.8 ± 6790.0 2663.3 ± 3259.8 
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Outcome Measures 
Baseline 3-month assessment 6-month assessment 
Exercise Control Exercise Control Exercise Control 
Daily sitting time (min) 248.2 ±131.5 354.0 ± 131.0 237.3 ± 149.7 375.0 ± 155.7 321.8 ± 154.2 417.0 ± 180.3 
Stationary time (min/day) 567.0 ± 96.5 569.8 ± 65.8 524.8 ± 57.8 555.1 ± 102.3 550.5 ± 110.1 563.4 ± 105.5 
Light activity (min/day) 302.7 ± 81.5 300.7 ± 74.9 303.3 ± 53.1 296.2 ± 70.3 269.2 ± 68.0 284.0 ± 72.8 
MVPA (min/day) 30.1 ± 24.5 26.7 ± 17.4 41.6 ± 22.6 25.1 ± 17.9 39.8 ± 17.4 22.9 ± 14.1 
Step count (steps per day) 6474.2 ± 3494.9 5480.7 ±1679.6 7160.8 ± 2551.7 6031.4 ± 2711.4 6888.3 ± 3082.5 6077.3 ± 2707.1 
Dietary intake 
Calorific intake 
(kcal/week) 
1723.2 ± 552.4 1593.7 ± 367.7 1750.9 ± 615.1 1278.7 ± 333.0 1490.5 ± 495.7 1776.6 ± 423.1 
ITT data are presented as mean ±SD 
KEY: kg: kilograms; cm: centimetres; kg/m
2
: kilograms per metre squared; sec: second; mmHg: millimetres of mercury; bpm: beats per minute; mmol/L: 
millimole per litre; min: minutes; MET; metabolic equivalence kcal: kilocalories 
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Appendix  5.12: The MOTION Study’s estimated marginal means for physical activity (ITT). 
 
 
Physical activity 
intensity 
Group Mean 
95% Confidence interval 
Std Error 
Lower 
Bound 
Upper 
bound 
Baseline to 
3-month 
change 
Sedentary 
Exercise -36.310 23.683 -86.277 13.658 
Control -15.435 26.187 -70.684 39.814 
Light 
Exercise 2.486 22.846 -45.714 50.686 
Control -6.371 25.260 -59.666 46.923 
MVPA 
Exercise 10.520 3.682 2.751 18.290 
Control -1.500 4.072 -10.091 7.090 
Baseline to 
6-month 
change 
Sedentary 
Exercise -12.800 21.661 -58.501 32.900 
Control -8.903 23.952 -59.437 41.632 
Light 
Exercise -24.225 19.649 -65.679 17.203 
Control -16.476 21.727 -62.316 29.363 
MVPA 
Exercise 7.842 5.319 -3.380 19.064 
Control -3.802 5.881 -16.211 8.606 
 
Appendix  5.13: The MOTION Study’s estimated marginal means for physical activity (APP) 
 
 
Physical 
activity 
intensity 
Group Mean 
95% Confidence interval 
Std Error 
Lower 
Bound 
Upper 
bound 
Baseline to 
3-month 
change 
Sedentary 
Exercise -40.096 26.356 -96.272 16.081 
Control -17.170 29.472 -79.988 45.647 
Light 
Exercise 2.624 25.476 -51.676 56.924 
Control -7.029 28.487 -67.748 53.690 
MVPA 
Exercise 11.579 4.006 3.041 20.118 
Control -1.697 4.479 -11.245 7.851 
Baseline to 
6-month 
change 
Sedentary 
Exercise -14.261 24.169 -65.775 37.253 
Control -9.790 27.027 -67.397 47.818 
Light 
Exercise -26.778 21.889 -73.433 19.877 
Control -18.373 24.478 -70.546 33.801 
MVPA 
Exercise 8.613 5.872 -3.902 21.129 
Control -4.261 6.566 -18.257 9.734 
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Appendix  5.14: The CONSORT 2010 checklist. 
